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Tue services for which torpedo boats | 
and steam yachts are required render it 
imperative that they should be capable of 
attaining high speeds, that they should 
work silently, and that they should be of 
limited dimensions. They must also 
possess great propelling power in propor- 
tion to their total weight or displace- 
ment; that is to say, whilst the propel- 
ling power must be ample, the displace- 
ment must be reduced to a minimum. 
It will be expedient to examine how the 
two conditions of lightness and sufficient 
power may best be obtained, and what 
practical means have hitherto been 
adopted for giving effect to them. For 
this purpose the total weight or displace- 
ment of a vessel may be conveniently di- 
vided into three components: Ist. The 
structural hull, as defined by the late Mr. 
Froude ; 2nd. The propelling machinery 
and apparatus; 3d. The load. 

The third of these, the load, is com- 
paratively insignificant. In  torpedo- 
boats the load consists of torpedoes and 
the fighting gear; in steam yachts, the 
cabin fittings. The first component, the 
hull, depends practically on the second, 
and it cannot safely be made less in 
weight than a certain fraction, well de- 
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fined, of the sum of the two other com- 
ponents. Most progress is to be hoped, 
therefore, from the treatment of the sec- 
ond component, and in reducing the 
weight of the propelling machinery and 
apparatus, the weight of the hull, too, 
may be reduced. 

The general conditions on which the 
reduction of the weight and the volume 
of the propelling machinery and appara- 
tus is dependent, may be briefly sum- 
marised as follows:—Rapid combustion 
of fuel, subdivided flue way, in order to 
multiply the heating surface; high steam 
pressure, and high speed of engine— 
speed of revolution as well as of piston, 
particularly the former as the more im- 
portant of the two. Such are the char- 
acteristic features of the locomotive en- 
gine, in which they were first developed, 
and it may be useful to sketch the prog- 
ress of the locomotive as the embodi- 
ment of extreme lightness and concentra- 
tion of power. 

The earliest locomotives, used for 
working coal trains on tramways, were 
little more than reflections of the ordi- 
nary practice of the stationary engines of 
the time, in which the element of weight 
was not in itself objectionable. The fires 
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were urged simply by the natural 
draught of the chimney, assisted occa- 
sionally by the exhaust steam turned into 
the chimney; and the heating surface 
consisted of the iron-plate furnace and 
the iron flue. Under these  circum- 
stances, from 30 lbs. to 40 lbs. of coal 
were consumed per square foot of fire- 
grate per hour, whilst -the quantity of 
water evaporated per lb. of coal did not 
amount to more than from 33 lbs. to 4 
Ibs., and the pressure of steam in the 
boiler did not probably exceed 15 Ibs. or 
20 lbs. per square inch. Suffice it to 
state, in addition, that in the course of 
improvement the current of hot gases was 
subdivided, by the multitubular flue, into 
numerous streams enclosed within ex- 
tensively developed surfaces, as initiated 
in the historic “Rocket” locomotive. 
But the draught, and consequently the 
rate of combustion of the fuel, were 
vastly accelerated by the introduction of 
the blast pipe for directing the ex- 
haust steam up the chimney, insomuch 
that from 50 lbs. to 100 Ilbs., and even 
still higher rates of combustion of fuel 
per square foot of fire grate are now 
practiced; that higher pressures have 
adopted, augmented progressively from 
50 lbs, to 140 lbs. per square inch; and 
that the cylinders have universally been 
connected directly to the driving or 
erank axle, making from two hundred to 
two hundred and fifty revolutions per 
minute, with speeds of piston of from 600 
to 1,000 feet per minute. 

With such a practical example of com- 
bined lightness and power, it followed 
naturally that much of what had been 
matured in the practice of the locomotive 
on railways was adopted for the propul- 
sion of high-speed vessels of limited di- 
mensions on water. But there are 
at the same time important differ- 
ences in the circumstances of the 
two cases under which the engines 
work. In water, the engines are required 
to put forth their full power continuously 


for long periods, for there is nothing | 


corresponding to a level road or a bank 


sloping downwards, after an ascent on an | 


incline, to relieve the stress. Full power 
is unremittingly required to keep up full 
speed, whilst the water ever assumes the 
form of an inclined plane upward. 
Boiler power is, under such circum- 
stances, continually tasked to its utmost 
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capacity, and a larger boiler is required 
for cylinders of given dimensions than is 
necessary under the circumstances of 
railway traction. Moreover, for surface- 
condensing engines, from which the soft 
water of condensation is returned to the 
boiler, a greater proportion of steam 
room is necessary. The bearing surfaces 
of the engines, likewise, are required to 
be larger, in order to keep the working 
parts cool. 

In the swift American river boats high- 
pressure steam is used, either with or 
without condensation, whilst the fires are 
forced by means of a fan blast or a blow 
pipe in the chimney. But the high 
speeds of which they are capable have, 
for the most part, been effected with 
great dimensions; for, with large paddle 
wheels and long strokes, their engines are 
necessarily heavy and bulky, and although 
a considerable speed of piston is attained 
in virtue of the long stroke, a high speed 
of revolution is impracticable. 

The large space occupied by paddle 
engines, and the great weight involved in 
their construction, were partially reduced 
by the introduction of oscillating cylin- 
ders, though here a difficulty was en- 
countered in employing steam of high 
pressure ; and with relatively low press- 
ure and low speed of pistons, cylinders 
of large capacity were unavoidable. 
Many swift paddle steamers have been 
built with oscillating cylinders, and they 
are beautiful structures of their kind ; 
but the cylinders are so large as to oc- 

‘cupy nearly all the mid-ship sectional 
area of the vessel. ‘To make way for 
higher pressures with paddle engines, 
'many constructors have returned to fixed 
cylinders, with connecting rods; but 
when such engines are, for the sake of 


‘length, placed in an inclined position 


within a vessel, they are open to the ob- 
jection of occupying considerable room, 
besides the fundamental objection of 
heaviness in comparison to the work that 
can be done with them. 

When the screw came to the front asa 
rival to the paddle, a new opening 
was made for augmenting the speed 
|of marine engines, although at first the 
opportunity was not embraced, seeing 
‘that intermediate gearing was employed 
'to bring up the speed of revolution of the 

screw, whilst the speed of the engine re- 
| mained relatively low. But the reducing 
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gear was ultimately suppressed, and the 
screw was driven direct by the engines, 
which were connected to the screw shaft ; 
and compact engines of quick revolution, 
with high speed of pistons, worked under 
high pressures, were brought into suc- 
cessful operation. 

Under the stress of competition, the 
demand for economy of the space occu- 
pied by the boiler and the coals was 
keenly felt, most of all for long voyages, 
for which the first ocean vessels working 
at high pressure were built. Besides, 
the higher the pressure, the smaller may 
be the boiler, at least so far as the steam 
room may be proportioned; and there 
does not appear to be in use at present 
better boilers than those of the loco- 
motive type, which are light and trust- 
worthy, for the service of torpedo boats 
and steam yachts. It is to be noted, 
nevertheless, that a limit is imposed on 
the degree of pressure that may be 
available, by the limit of temperature of 
the steam, which increases with the press- 
ure at which an engine can be worked. 

The Herreshoff boiler claims some 
notice, as it is light, and is of small ca- 
pacity, containing designedly but a 
limited quantity of water, in itself con- 
ducive to safety. This boiler consists o 
little else than a coil, by which the water 
supply is connected with the steam pipe 
and separator. The feed water, intro- 
duced at the top, falls by gravitation, 
and its fall is accelerated by the stream of 
steam disengaged in the course of its 
passage downwards, by the only way out 
in fact. The boiler appears, at first 
sight, to promise good results. But so 


even a balance is required between the| 


fire and the feed water that the boiler is 


not likely to be maintained, even for a| 
short time, in the most favorable con- | 
ditions for work ; and should the supply | 
of water fall short of the normal quan- | 
tity, the steam would be highly super- | 
heated, and the engines would be seri- | 


ously damaged. By an excess of water 


supply, on the contrary, the heat of the| 


fire would be taken up, without the per- 
formance of useful work, and with a cor- 
responding loss of economy. But the 
question remains, What are the merits of 
the Herreshoff boiler, under the best con- 
ditions that can be maintained, with a 
small excess of feed water? 

For the purpose of forcing the draught 
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lof marine boilers, the fan appears to be 
the most convenient instrument. Fans 
| have occasionally been set to work in the 
| flues, operating by suction on the pro- 
; ducts of combustion after they have left 
|the boiler ; but they could not last long 
|there, exposed to high temperatures. 
'The author prefers to stimulate the 
| draught by forcing air into the stokehole. 
| By this means, a better action is main- 
| tained, whilst at the same time the stoke- 
‘hole is kept moderately cool. He de- 
| vised the fan blast in this form for the 
|boilers of the yacht “Gitana,” built by 
| him in 1876, and it has been found to 
| work efficiently. The pressure of the 
|blast used for the boilers of the “ Gi- 
tana” and other boats of its class is 
measured by a column of water, from 3 
inches to 6 inches high. The greater 
part of the pressure is exerted in over- 
coming the resistance of the flue tubes of 
the boiler. The degree of blast pressure 
|that may safely be employed depends 
ivery much on the length and the di- 
|ameter of the tubes, as well as upon the 
| width of the water interspaces between 
them. If large, flue tubes were used in 
|a boiler, the author is of opinion that the 
| limits of safety might easily be exceeded ; 





f/and although the maintenance of a plen- 


lum in the stokehole is satisfactory in 
| operation, he feels that it must be em- 
ployed with caution, particularly in its 
application to boilers having small fire 
grates and large sectional area of flue 
ways. The risk of damage would, of 
course, be greatly increased by internal 
deposits. 

In using steam of high pressure, the 
compound engine is generally adopted, 
for stationary as well as for marine pro- 
pulsion ; though in locomotive practice 
the cylinders, as yet, have but rarely 
been compounded. There are three ad- 
vantages attendant on the employ- 
ment of compound engines compared 
with single-cylinder engines—a more 
/nearly uniform distribution of pressure 
during the stroke of the piston, accom- 
panied by a better distribution of tan- 
gential pressure on the crank pins; a 
diminished range of temperature in each 
cylinder, and comparative simplicity of 
|valve gear. A relatively high speed of 
‘engine may be taken as favorable for 
| economy of steam, in consequence of the 
smaller area of cooling surface in the 
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cylinders of high-speed engines than in 
those of low-speed engines, exerting 
equal power; as well as of the smaller 
circumferential passages for accidental 
leakage of steam about the pistons and 
the valves. 

The proportion of expansion to which 
steam should be worked in compound 
engines, for the purpose of attaining the 
greatest economy of steam and fuel, was 
made the subject of many carefully-con- 
ducted experiments on the compound 
engines of the U. S. revenue steamer 
“Rush,” in which the cylinders were 
thoroughly steam-jacketed with steam of 
82 lbs. per square inch initial pressure. 
The most economical ratio of total ex- 
pansion was found to be 6.22; and on 
board the “ Dexter,” where the engines 
had single cylinders without any steam 
jackets, the best ratio of expansion was 
34. 

Having considered, in general terms, 
the conditions necessary for light pro- 
pelling machinery, the author will now 
examine the relative weight and form of 
hull best adapted for carrying the load 
and the machinery. The weight of the 
hull depends principally, as already 
stated, upon the gross amount of weight 
to be carried. It is not much affected, 
within moderate limits of variation, by 
the proportions of the hull; but when 
the proportion of the length to the depth 
is increased, the weight of material neces- 
sary to secure sufficient longitudinal 
strength is inevitably also increased. 

The shape of hull that should be 
adopted is the result of the most suit- 
able compromise between several re- 
quirements, each of which, taken sepa- 
rately, dictates unfortunately a special 
form differing from the other forms. 
Speed is, for torpedo boats, a require- 
ment of the first importance. The next 
is handiness, and this demands that the 
length should be shortened as much as is 
practicable. The element of frictional 
skin-resistance of the submerged surface 
of the hull should be reduced as muchas 
possible. For this object, by cambering 
the keel, the area of the immersed sur- 
face and that of the dead wood is much 
lessened. The handiness of the vessel 
for turning is, at the same time, in- 
creased by diminishing the depth at the 
ends. 


To augment the stability, the width of | 


the deck may be increased considerably 
beyond the width measured at the weter 
line. The increase of bulk thus effected 
augments the righting force, when any 
considerable inclination of the vessel 
from the vertical is reached, without im- 
pairing the speed. The freeboard, also, 
must be such that the angle at which 
stability vanishes is very large, so that 
there may not be any danger of capsiz- 
ing. The suddenness with which waves 
are encountered when the vessel is in 
rapid motion requires that the form of 
the bows of the boat above water be not 
too bluff, otherwise the shocks which are 
sustained may endanger the structure. 
Nevertheless, considerable bulk must b« 
maintained in the bows, in order to litt 
the forward part of the vessel. This 
lifting is greatly facilitated by making 
the ends light, and concentrating the 
load, as far as may be, about the cente 
of the vessel 

The most favorable position for th. 
propeller for high speeds, is asteri of 
the rudder; but, as little loss of speed 
is entailed by reversing the relative posi- 
tions of the rudder and the screw, and 
as the steering qualities are improved by 
so doing, it is frequently preferred to 
place the screw in advance of the rud- 
der, although the effect of the transposi- 
tion is somewhat to increase the length 
and the weight of the boat at the stern. 
The question of immersion of the pro- 
peller is also important; but it is not 
easy of estimation in vessels of high 
speed relative to their size, as the chang« 
of trim involved by high speed frequently 
provides sufficient immersion, although 
when the vessel is at rest, immersion 
may not be complete. If the propeller 
breaks the surface of the water while in 
action, the air drawn down, in conse- 
quence, causes a greater loss than might 
be expected. Experiments were lately 
made by the author on a mode propeller, 
the performance of which was carefully 
noted, both when it was totally im- 
mersed and when it was working unde 
such a state of immersion that it just 
broke the surface. In the first case, the 
useful effect was equal to about seven- 
tenths of the power expended, and the 
action was perfectly steady and easily 
recorded. In the second case, however, 
the condition of working varied so much 
that it was only with difficulty that the 
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efficiency could be ascertained, and no 
precise value for the efficiency could be 
given, except in so far that a consider- 
able loss was proved, for it did not ap-| 
pear that the efficiency exceeded five-| 
tenths of the power expended. 

For small vessels, it does not seem 
worth while to discuss the question of 
using one propeller or two propellers, as | 
twin engines would involve so many du- 
plicate pieces, that they could only be 
employed where the advantages to be de- 
rived from theiruse would be very great. 
For large vessels, they seem to be most 
desirable. 

The relative position of vessels in mo- 
tion, in the system of waves caused by 
and surrounding them, is of great inter- 
est, as it throws light on the cause of the 
low rate at which the resistance of hulls 
increases at relatively high speeds. It 
was ascertained by Mr. Bramwell in ex- 
perimenting with the * Miranda” that a 
wave crest, situated near the stem at or- 
dinary speeds, moved gradually towards 
the center of the vessel as the speed was 
increased tothe maximum attained by 
the vessel. Mr. R. E. Froude has found 
that this wave crest is the foremost in 
the system, and that the advance of a 
vessel upon this crest has the effect of 
diminishing the wave slope which is op- 
posed to the vessel’s motion. 

The author will now describe three 
boats built by his firm:—1, The yacht 
“Gitana,” for the Baroness Adolphe 
Rothschild, for excursions on Lake Le- 
man; 2, A first-class torpedo-boat, for 
the English Government, very similar to 
the “ Lightning,” the earliest boat of the 
class; 3, A second-class torpedo-boat, 
smaller than the preceding, many of 
which have been constructed for the En- 
clish Government. 





GITANA' 














THE YACHT 





THE yAcHT “GiTaNa.’—Fig 1. 

The length of the hull at the water- 
line is 86 feet, and the extreme length is 
90 feet; the breadth of beam at the wa- 
ter-line is 10 feet 6 inches, and the ex- 
treme beam is 13 feet 2 inches. The 
draught of water is 4 feet aft, and 1 foot 
14 inch forward. The displacement is 
about 29 tons. 

The engines are compound, condens- 
ing by injection, with an intermediate re- 
ceiver. There are three cylinders, com- 
rising a 13-inch high-pressure cylin-, 
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der, and two 15-inch low-pressure cylin- 
ders, with a stroke of 16 inches, work- 


ing on three cranks placed at equal an-| 
The air-pump is 23 inches in diam- | 
eter, with a stroke of 3 inches, and is! 
worked by levers from the high-pressure | 


giles. 


cylinder. The feed pump is double-act- 


ing, 2? inches in diameter, and is worked | 


directly by a steam cylinder, with a 
stroke of 7 inches. There is, in-addi- 


tion, a Giffard injector of 5 millimeters. | 
The fan for blowing the fire is 34 feet in | 


diameter, and is driven: directly from a 


5-inch steam cylinder, with a stroke of 3 | 


inches, making about nine hundred revo- 
lutions per minute. 


The propeller (Thornycroft’s patent) | 


is a screw of three blades, 5} feet in diam- 
eter, with a pitch of 84 feet: it 
placed abaft the rudder. 


The boiler is of the locomotive type, | 


having a working pressure of 120 lbs. 
per square inch. 
area of 16.2 square feet. There are one 
hundred and niety-seven flue-tubes, each 
1? in diameter externally, and 8 feet 04 
inch long. The heating surface of the 
fire box is 52 square feet, and of the 
tubes 653 square feet, together 705 
square feet of heating surface. 

The slide valves are so arranged as to 
cut off steam earlier in the stroke of the 


low-pressure cylinders than in that of| 


the high-pressure cylinder, in order to 


equalize, as nearly as possible, the work | 


between the three cylinders. 


The framing of the main engine con- 


sists of small steel columns, directly con- 
necting the cylinders with the bedplate, 
and placed as near to the main bearings 
as practicable. These columns are 
braced together near the center of their 
length, and are only adapted to resist 
vertical forces. The framing depends 


for transverse stability on its connection | 


with the hull, to which the cylinders, 


and the lower ends of the guide bars, are | 


fastened by stays. 

For securing lightness of moving 
parts, the pistons are of wrought steel ; 
the pistonrods and connecting rods are 
also of steel, the piston rods being bored 
out. 
the lower halves of the 
rods, are balanced by cast-iron balance 
weights, secured to the cranks by steel 
bolts. 

The proportions of the blowing en- 
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is | 


The fire grate has an | 
oD 


The cranks, the crank pins, and} 
connecting | 


| gine are unusual, a great length of bear- 
|ings having been given. The combined 
length of the main bearings is 18 inches, 
their diameter being 2 inches; whilst 
the diameter of the steam cylinder is 
only 5 inches. The crank-pin is 4 inches 
‘long by two inches in diameter. The 
disk of the fan revolves within the en- 
gine room, without any external casing. 
It takes air in at one side only, from a 
large tube leading from the deck, and 
delivers it all round the circumference of 
the disc, without inconvenience. The 
shaft of this engine is fitted with thrust- 
collars to resist the unbalanced pressure 
of the air on the dise. Engines of this 
pattern have been worked at a speed of 
seventeen hundred revolutions per min- 
ute, or fifty-six strokes per second, with 
out damage. : 

In estimating the effects of rapid 
change in the direction of stress on the 
journals of engines working at high 
speed, the author is of opinion that suf- 
ficient importance has not, in general, 
been attached to the fact that the lubri- 
cant has to sustain the pressure for but 
a very short time in one direction. This 
he considers is the principal reason why 
|high-speed engines have so much less 
wear and tear than many persons appear 
to expect. It is, nevertheless, most im- 
portant that correct adjustment should 
be maintained in order to secure good 
working results. 


FIRST-CLASS TORPEDO-BOAT—Fig. 2. 


This boat is 87 feet in length, witha 
ibreadth of beam of, 103 feet. The 
draught is 1 foot 6 inches forward, and 
5 feet 2 inches aft, with a displacement 
of 32.4 tons. The engines are com- 
pound, with an intermediate receiver, 
having a 123-inch high-pressure cylinder, 
and a low pressure cylinder 20{ inches 
in diameter, with astroke of 12 inches, 
The cranks are at right angles. The 
}air pump is worked by levers from 
'the high-pressure cylinder, as is the 
engines of the “Gitana,” making, of 
course, the same number of strokes per 
minute as as the engines. The condens- 
ing water is forced through the con- 
denser by a centrifugal pump, with an 
auxiliary engine, assisted by a special 
iform of grating, which, by means of 
| gradually expanding openings, converts 
| the external relative velocity of the wa- 
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ter into pressure. The thrust-block is 
secured to the bedplate of the engine by 
two stays, one attached to each side, and 
level with the center of the shaft; thus 
preventing any tendency to throw un- 
due thrust on the lower half. The slide- 
valves of the engines are balanced by 
being placed under bridges, which are 
made with recesses corresponding to the 
ports in the cylinders, as used by Mr. 
Wilson, of Patricroft. In order to ob- 
viate the difficulty caused by the varying 
deflection under varying pressures, each 
bridge is in section like a_ bowstring 
girder, the bow not being attached, how- 
ever, to the string except at the ends; 
and, by connecting the intermediate 
space with the exhaust, the flat surface is 
little distorted by pressure, and does not 
partake of any deflection affecting the 
bow. This construction of Mr. Wilson's 
valve is due to Mr. J. Donaldson, M. 
Inst. C.E., and appears to answer its 
purpose well. 

The packing rings of the pistons are 
of Perkins metal, four in each piston, in 
separate grooves. They are found to 
work much more quietly than the single 
wide rings usually adopted in marine en- 
gines. 

The fan engine is similar to the one 
employed in the “Gitana.” Two feed 
pumps are worked by a cast-iron four- 
thread worm on the engine shaft, geared 
into a suitable wheel of phosphor- 
bronze secured to a steel shaft, having 
cranks at the ends, to each of which a 
feed pump is connected. The ratio of 
the gearing in the worm and wheel is as 
4 to15. The feed pumps are 4 inches 
in diameter, with a 3-inch stroke. The 
engine room also contains a bilge pump, 
which is worked from the feed pump 
shaft; and an air-compressing pump, 
with a separate engine, for charging tor- 
pedoes. A donkey pump is fitted in the 
stokehole, by which the boiler can be 
supplied when the main engines are at 
rest. 

The propeller is constructed with three 
blades, and is placed forward of the rnd- 
der. It is four feet 6 inches in diameter, 
and has a pitch of 6 feet. 

The boiler is of the locomotive type, 
and has a total heating surface of 620 
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square feet, of which 56 square feet are | 


contributed by the fire-box surface. The 
area of the fire grate is 18.4 square feet. 


FIRST CLASS TORPEDO BOAT. 
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The outer shell is 4 feet 5 inches in di-| unequal expansion between the fire box 
ameter, and 12 feet 6 inches long. It)and the shell. The shells of the boilers 
contains two hundred and five tubes 6) are mostly of steel. In the earlier boats, 
feet long, measured over the tube the fire boxes were of copper; but in the 
plates, and 13 inch in external diameter. boats built for the English Admiralty, 
The working pressure is ono hundred the fire box has been constructed of iron, 
and twenty Ibs. as the boilers are liable to be fed with 
An important feature in the boiler is salt water. At the same time, iron fire 
the fire box. In the boilers of the small- boxes possess greater strength than those 
er type of torpedo boats, the roofs of the of copper. 
fire boxes are stayed with ordinarylongi-| In order to extinguish the fire, in cases 
tudinal beams; .but in the boilers of the | when it must be extinguished and cannot 
larger type, where the fire grate amounts | be drawn, a rose with an ejector is fitted, 
to more than 18 square feet in area, the in constant communication with the sea, 
roof of the fire box is stayed directly to by admitting steam to which the fire may 
the outer shell of the boiler, made flat be extinguished in a very short time. 
for a width equal to that of the top of Provision is also made, by self-closing 
the fire box, to which it is connected by ash-pit doors, for preventing the return of 
vertical stays. By this mode of con- vapor to the stokehole. A passage to 
struction, there is the advantage of ad- the deck is also provided to facilitate the 
ding slightly to the steam room, but this| escape of the steam discharged in the 
alone searcely balances the extra weight event of a tube giving way. 
of material used in construction. It is,; Experiments were made at Portsmouth 
however, more convenient for staying|to ascertain the performance of the 
than the radial system when the outer boilers of the first-class torpedo boats, 
shell is cylindrical over the fire box; and the results of which are given in the an- 
there is more elasticity to take up any | nexed Table, I. 


Taste I.—Borrter Tracts, First-ctass Torrepo-Boatr No. 3. 


4 
3.26 
3.0 
54 
1,260 
Steam pressure (above atmosphere) 115 
Coal consumed per hour 1,472 
. “i - per square foot of fire-grate j 78 
Water evaporated per hour ; 9,320 10,840 
” ‘ per lb. of coal 6.38 5.97 
Evaporation per Ib. of coal reduced to equivalent at 212° F. from 100 7.08 6.81; 6.41 
Evaporation. per hour per square foot of heating surface........... 15.5 | 18.0 
Coal used, Nixon’s navigation. Ashes, 9 per cent. .M. | H.M. | H.M 
Duration of experiment 1 39 ‘ 


Air pressure in stokehole 
” ** ash-pit 
- ‘* furnace 
Temperature, feed-water 
Fa 


The influence of the pressure of air|the comparatively high velocity of the 
employed on the rate of evaporation and air at this part of its transit. The press- 
of combustion, and on the temperature | ure in the funnel, as measured, was 
of the gases leaving the boiler, is clearly | sensibly equal to atmospheric pressure. 
manifested. The measurements of the |The evaporative duty of the fuel in this 
pressure in the stokehole, ash pit, and/boiler varies from 6.4 lbs. of water, 
fire box, show that of the initial press-| evaporated with 6 inches of air pressure, 
ure, the resistance of the tubes accounts | to 7.6 lbs. with 2 inches, when reduced 
for about seven-tenths of the whole, the} to the equivalent for feed water of 100° 
resistance of the fire and fire bars being | evaporated at 212°; and as the consump- 
only about one-tenth. The loss on en-| tion of fuel per square foot of fire grate 
tering the ash pit appears too large, and | was 49 lbs. per hour with only 2 inches 
the indicated deficiency of pressure|of air pressure, the results would have 


under the bars is perhaps partly due to/| been of greater interest had lower press 
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ure of air also been tried. The boiler, 
even at half-engine power, is worked too 
hard to give high duty; but to obtain 
the highest speed, when coal has only to 
be carried for a short distance, it is neces- 
sary to work the boiler above its econo- 
mical rate of evaporation. 

If it were intended to carry a supply 
of coal for great distances, no doubt 
more heating surface should be provided 
for a given power. The boiler made by 
Messrs. Clayton and Shuttleworth, and 
tried at Cardiff, evaporated (equivalent 
from and at 212° Fahrenheit) 11.8 lbs. of 
water per lb. of fuel, and gave the high- 
est duty at that trial; but the evapora- 
tion per square foot of heating surface 
per hour was only 2.2 lbs., whereas the 
boiler tried at Portsmouth evaporated 
18.0 Ibs. (equivalent at 212°) per square 
foot of surface per hour, being fully eight 
times as much. 

Amidships, the deck is raised, so as to 
give room to work the fire and the 
engines, the depth of the vessel other- 
wise not being sufficient for this pur- 
pose. On either side of this raised deck, 
the torpedo davits are fixed, and the tor- 
pedoes are so carried as to hang within 
the width of the boat, for security. Air 
for the fire is taken in at a cowl, situated 
just astern of the after bulkhead of the 
engine room, against which may be seen 
the dise of the blowing fan. 

The deck forward is much rounded, so 
that any water that may come on board 
can run off with facility. The stepped 
section amidships partially gives the 
same result. It affords much _ better 
foothold than the rounded surface, which 
is very necessary for the men at this 
place. 

The stern frame extends considerably 
below the rest of the vessel, and carries 
the rudder abaft the screw. This frame 
is a Bessemer-steel forging, carefully 
shaped to a long elliptical outline in 
horizontal section, parallel, of course, to 
the direction of its intended motion 
through the water, in order to reduce, as 
far as possible, its resistance. The boat 
is fitted with a bilge suction-pipe to each 
of the principal compartments. Indexes 
on deck show what communicating valves 
are open. 
3, it will be observed that the boiler is 
placed lower at the forward end than at 
the fire-box end. The boilers, however, 
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In the section, Plate 4, Fig. | 
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assume a horizontal position when the 
boats are at full speed, in consequence 
of the change of trim. This change 
amounts to about 3 feet 10 inches in 100 
feet, according to the results of experi- 
ments on the “Miranda.” By Mr. 
Froude’s model of the “ Lightning,” at a 
speed corresponding to 193 knots, it was 
shown that the vessel inclined 3 feet 5 
inches in the same length, 100 feet; an 
inclination which does not differ much 
from that of the “Miranda.” 


SECOND-CLASS TORPEDO-BOAT. 


This boat is 60 feet in length, with a 
beam of 74 feet. The draught is 123 
inches forward, and 3 feet 4 inches aft. 
The displacement is 10.6 tons. 

The engines are compound, surface- 
condensing, and work up to about 112 
indicated HP. The cylinders are 7 
inches and 11 inches respectively in di- 
ameter, with a stoke of 8 inches. The 
air pump, operated by levers, is 7 inches 
in diameter, with a stroke of 2 inches. 
Two feed pumps are worked by worm 
and wheel, as described for the first-class 
boats. 

The circulation of the water in the con- 
denser is effected entirely by an appara- 
tus, by which the external motion of 
the water when the boat is moving is 
utilized. An ejector is also fitted for re- 
moving air from the water space of the 
condenser, which is partly above the 
load water line. By this apparatus suf- 
ficient circulation can be maintained, 
when the boat is at rest, to condense any 
steam that may be required to be con- 
densed in order to prevent its escaping 
into the air. 

A small engine is used for blowing the 
fires, the same as described for the first- 
class boats; but it is made to drive two 
pumps, which can be connected when 
required. 

The boiler is of the locomotive type, 
and has a total heating surface of 198 
square feet, of which 22 square feet are 
supplied by the fire-box surface. The 
area of the fire grate is 6.3 square feet. 
The outer shell is 3 feet 1 inch in di- 
ameter, 7 feet 7 inches in length, and 
contains one hundred and twelve solid- 
drawn brass tubes, 484 inches long, and 
14 inch in external diameter. The work- 
ing pressure is 120 lbs. 

Fig. 3 represents the sheer draught of 
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the boat, with a “ Whitehead” torpedo in | 
davits, as carried. The boat is also seen 

in Fig. 4. Itis divided into six water- | 
tight compartments, and is subdivided | 
up to a level considerably above the 

water line, by half bulkheads. ‘The ves- | 
sel is steered from forward. The con- 
ning shield over the steering wheel is of 
4-inch steel plates on the forward side. 

Figs. 5, 6 and 7 represent the second- 
class torpedo-boat in cross section, and 
are intended to illustrate its stability. 
Fig. 5 shows the inclination due to the 
absence of one torpedo when the unbal- 
anced weight of the other inclines the 
boat to about 5}°. Fig. 6 shows the boat 
inclined until the righting force has be- 
come &@ maximum, which happens at about 
42.° Fig. 7 gives a section of the same 
boat heeled over until the stability is 
just vanishing, when the angle is about 
79°. This angle comprises a large range 
of stability, which is favorable to the 
safety of the boat. 

The boiler and engines being, in the 
second-class torpedo-boats, contained in 
one compartment, there is some advant- 
age in point of simplicity over the larger 
type. But this disposition involves so 
large a compartment as would endanger 
the boat if it were filled with water. It 
has therefore been decided to separate 
the engine from the boiler by a bulk- 
head, in the new boats of this class now 
being built. Any one compartment in 
these boats may become flooded, and yet 
an ample degree of buoyancy would re- 
main. 

These boats are designed to be car- 
ried on board ship, and they require to 
be slung overboard complete and ready 
for use. This condition involves their 
being subjected to considerable stresses. 
To illustrate the effect of their being 
thus suspended the data for the curves, 
Figs. 8 and 9, have been calculated. In 
these diagrams, the weight of the vessel 
is represented in amount and distribu- 
tion by the area contained between the 
base line X Y, which also represents the 
length of the vessel, and the curve lines 
WWW. The points of support, when 
suspended, correspond to the points P, 
P, in the diagram; and for simplicity 
the vertical components only of the 
forces acting through these points in| 
this case are at first taken. ‘The bend-| 
ing moment at any section of the hull is ' 
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represented by the distance of the line lifted, is only a small part of its ultimate 
M M M from the base X Y, the shearing | power of resistance; the maximum stress 


forces being, in the same way, 
sented by the distance of the lineSSS 
from the same base line. When the ob- 
lique forces are considered, and the 


repre- 


on the material being about 7,000 lbs., 
or 3.14 tons per square inch. 
CONCLUSION. 
A few examples of the weight of hulls 


SECOND CLASS BOAT. 


CURVES OF 


SHEARING FORCES AND BENDING MONENTS 


WHEN SUSPENDED. 


slings take the lines 1, 1, or 2, 2, the 
bending moments for sections between 
P and P, will be increased as shown by 
the line M, or the line M.,. 

The curves M and S §S,in the dia- 
gram, Fig. 9, represent the bending mo- 
ments and shearing forces to which the 
hull is subjected when floating in still 


in percentage of displacement, taken 
principally from sea-going vessels, with 
the co-efficient of fineness of form, are 
given in Table IT. (p. 365.) By comparing 
the hulls built by the author's firm it will 
be seen that the weight has not been un- 
duly reduced; for although they are 
lighter, their relatively short lengths 


CURVES OF SHEARING FORCES AND BENDING MOMENTS WHEN AFLOAT 


water, where the area between the line 
B B and the base line represents the sup- 
porting force, or displacement. The line 
L L. represents the curve of loads, or 
difference between the curve of weight 
W W and the curve of displacement B B 
at any point. The ordinates for the line 
B Band M M being drawn to the same 
scale, it is evident that the greatest stress 
to which the. boat is subjected on being 


afford great for relative 
strength. 

A selection of practical instances is 
given in Table ITI. (p. 366), to show by con- 
trast the progress that has been made in 
concentrating power in a small com- 
pass, and at the same time reducing the 
weight of the machinery and of the boil- 
ers. The quantities in the seventh col- 


umn of the Table—cylinder capacity per 


advantage 
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Tasie II.—ProportionaTE WEIGHT 
or Hu tts. 


Percentage of Co-effici’nt 
displacement of fineness. 


of 


— 


Name of vessel. 


= 
2 
R 


o. 
= 
~~ 


hull. 


x 


Weight 
Weight carried. 





Perct. Perct. 

Circular ironclads.... 20to22 78to80 
Iron merchant sbips. 30‘‘ 35 65‘* 70 
H.M.S. Bellerophon... 49 51 
H.M.S. Inconstant... 51 49 
Hi.M.S. Devastation... 31 69 
I, Mee asacece 32 68 
H.M.S8. Inflexible.... 66 
Lightn’g torpedo boat 67 
Ist-class sed ” 

** with ram bow. 
2d-class torpedo boat. 
Miranda (yacht) 
Gitana (yacht) 


780 
.698 
.614 
. 766 
.548 
721 
.601 
. 583 
.552 
591 
.561 
. 662 


67 
75 
65 
67 


30 
35 


33 
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boats has been approximately measured, 
and is about 3.9 lbs. per indicated HP. 
for the first-class boats when develuping 
340 indicated HP., and 3.5 lbs. for the 
second - class boats at 112 indicated 
HP. 

From the last column of Table I. it 
appears that from 1 square foot of fire 
grate 28.4 indicated HP. were developed 
in the “Gitana”; whilst, in the last col- 
umn but one, 1 indicated HP. was de- 
veloped for 1.33 square foot of heating 
surface, in the first-class torpedo boats. 

With regard to the relative consump- 
tion of fuel for each indicated HP., it is 
apparent that the lighter machinery con- 
sumes more than the heavier machinery. 
But the excess of consumption is due, 
not to comparative lightness, but to the 
fact that the boilers are proportionately 
overworked, as is clearly proved by the 
high rates of consumption of fuel per 
square foot of fire grate. The ratio of 
expansion used in the torpedo boat 
engines seems, perhaps, less than desir- 
able, but the gain from expanding more 


indicated HP.—are deduced by divid- | than five times with the pressure used, 
ing half the volume swept by the pistons! would be very limited, whilst the 
in one revolution by the indicated HP. weight of engines would be materially 


They are approximate measures of per- 
formance relatively to the bulk and 
weight of the engine, irrespective of the 
boilers. 

Table IV. (p. 366) contains some addi- 
tional comparative results of the per- 
formance of large steam vessels of the 
navy, and the yachts and torpedo boats 
before described. 

.On comparing the contents of the 
Tables III. and IV., it appears that the 
“Gitana” presents the lightest machinery 
in proportion to indicated HP., weighing 
only 434 Ibs. per indicated HP., or a 
little over one-eighth of the machinery 
of the Holyhead mail boats, and only 
one-fourteenth of that of the American 
paddle river boats, the ‘‘City of Boston” 
and the “City of New York.” Corre- 
spondingly, the volume of cylinder per 
indicated HP. of the ‘‘Gitana” is but 
one-fourteenth of that of the Holyhead 
boats, and only one twenty-third of that 
of the American boats. In this respect, 
the “ Miranda” excels even the “Gitana,” 
having only 6.3 cubic inches of cylinder 
‘apacity per indicated HP., or little over 
one-third of that of the “Gitana.” 

The consumption of fuel in the turpedo 


increased. 

In comparing, in Table IV., the per- 
formance of small vessels with large 
v'D3 
I. H.P. 
is convenient and suitable; for if simi- 
larly formed vessels of different dimen- 
sions are propelled at what Mr. Froude has 
called “corresponding speeds” (speeds 
| proportioned to the square root of their 
linear dimensions), the power required 
; Varies in such a manner as to give a con- 
stant value to this fraction, if the effect 
‘of the different proportion of surface 
| friction to the whole resistance may be 
neglected in the comparison; and, as the 
increased proportion of surface friction 
in small vessels has the effect of reduc- 
ing the value of the constant C, this 
|formula cannot be supposed to favor the 
| particular kind of craft under discussion. 
| The high value obtained by No. 10 tor- 
|pedo boat, Table IV., is worthy of re- 
|mark; but it should be noted that this 
boat had the advantage over others of its 
class, that no bilge keels were fitted, and 
the stern frame did not extend below the 
propeller boss. 


ones, the common formula C, 
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Taste IIT.—Rewative PERFORMANCE AND WEIGHT OF STEAM VESSELS, AND 
Locomotives. 


| Weight of — 

ling machinery, | 

including boilers 
with water. 


eT in- 





1es of cylinder 


per indicated HP. 


| Name of vessel. 
Per cub. 
inch of 
cylin- 
der. 


Per In- 
| dicated 
> 


Boiler pressure, 
per minute, 
Indicated HP. 
dicated HP. 
| Indicated HP. per foot 
of fire grate 


Fuel per square foot of 
fire grat 


Revolutions per minute. 
| Speed of piston in feet 


| Heating surface } 








| Lbs. Lbs. 


— 
. 
n 
— 
c 
ao 
ZL 


] 
{ City of Boston) } 
| 


1800 402.0 | 606.0 | 1.50 


ao 


a and City of New ~- .0 | 480 
1857 Persia 5.0} 3860 | 4950 457.0 | 498.0 08 
1861 Holyhead mail boats. 2.0 | 286 | 4751 248.0 | 318.0 34 
1878 H. M.S. Inflexible.... : 3.2 | 585 | 8483 185.0 | 420.0 | 2 26 
1829 Rocket, locomotive. .| 36. 0; 393] 22) 73.0 | 286.0 3.98 
Modern locomotive..| 80.0 120 |240.0; 880; — | — | — 9.80 
1872) Miranda (yacht) 120 |600.0 | 800; 64 6.3) 6 .00 
1876 Gitana (yacht) 38.0 |120 320.0 | 850; 460 | 17.3) 48. 2.52 
First-class tor-) | 
1877| ~ pedo boats - 100.0 120 |440.0} S880; 455 | 12.0) 57. .80 
| ( (lightning class) 
1879 { Second-class tor- | | 60.0 120 (600.0 | 800 108 9.9 81.6 8. 
1880) { pedo boats )| 78.5 (180 650.0} 866} 150) 9.1} 66.5 | 7.27 
' l | | | | | 


R| & 
or 


= 


} 








Tanie [V.—-Rewative DispLA¢EMENT AND PERFORMANCE OF STEAM VESSELS. 


! 


3, ae’. 
Steam press- 


V*Di 
Blast in ins. 


Name of vessel. 


W.L. 
about. 


Date. 


knots per 
hour 
Revolutions 
per minute, 
ure in boiler. 
Receiver. 
Vacuum in 
condenser, 
Fuel per in- 
dicated HP. 


Length on 
Speed in 


| 
| 


‘ | con-| . s hens 
- knots.) rant) is: uma, Ibs. | Ibs. | ins. | 


64 '16.20 | 160.0) — 600.0 |120.0 —| — 
460 20.75 | 183.0.4 to 6320.0 [120.0 =< eee 
ee 28.7 | 400 18.55 150.0 — 350.0 /120.0:35.0: 
eM 6.1879 83 9 43) 425 20.00 191.5) 5 420.0 |120.036.0 
” **10./1880 88 3 wée 460 22.01 223.0 38.9 |123.036 0 
) 
) 





77 


Miranda 


o 
i 


€ 


eo 
wt 


a) 


‘ 
€ 


( 


DP 


«4 4 49./1880! 88 3) 32.5 | 469 21.756 2240| 54 443.0 |133.840.5 
1879 58 4 10.6| 108 16.51 | 1840) 34 600.0 |120.038.¢ 
1880 60 10 150 17.645 180.0 553.0 |131.041.3 
H.M.S. Inconstant. .|1869 339 0 5,328.0 | 7,361 16.513 186.0 .5 | 30.4) — 
H.M S. Inflexible... 1878324 09,515.0 | 8,483 14.74 | 169.0 3.26| 61.0, — 
H.M.S. Iris 1878 301 63,290.0 | 7,556 18.573, 189.0) 7.2 | 65.0, — 


~ 
9 
wr 
9 
~ 


6 


ot 


4 


OID W WW 2 


1 0O he Co ee Or 


“2 StS 


* 


2d-class torpedo boat. 
fi ai 


t 


*The consumption 3.92 Ibs. took place with a first-class torpedo boat, when indicating 340 indicated HP 
t The consumption 3.51 lbs. took place with a second-class torpedo boat, when indicating 112 indicated HP. 





speed; but each boat had a particular 
vibration due to the strength and weight 

Mr. Tuoryycrorr asked permission to /| of its structure, and if the engines were 
add a few words with reference to the|run at the same number of revolutions as 
vibration of the boats at high speed. He|the boat would make beats, there would 
did not mean to say it was necessary | certainly be a considerable vibration of 
that there should be vibration at high! the hull. It was generally practicable to 
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ON TORPEDO BOATS 


| 
run engines at a higher speed than the na- | 


tural period of the boat's vibrations. In 
the case of one of the Government tor- 
pedo boats, the “ Lightning,” it had re- 
cently been ascertained that the boat 
vibrated considerably at about three hun- 
dred and sixty revolutions per minute, 
and that it continued through some little 
range. It was found desirable to alter 
the propeller, so as not to run at full 
speed, at that particular speed of the en- 
gine. 

Mr. A. F. Yarrow inquired whether 
the author had any data touching the 


consumption of fuel by his vessels for | 


long distances, as that was becoming a 
matter of considerable importance. He 
might mention that in boats 100 feet in 
length, built by his firm, having a dis- 
placement of about 40 tons, 1 ton of coal 
would last for a run of 100 miles at a 10- 
knot speed. 

As to the pitch and size of propellers, 
he had found that in very fast boats a 
propeller giving anything less than 12 
or more than 27 per cent. slip was bad. 
In propellers of large diameter there was, 
at very low speeds, a negative slip 


amounting to 1 per cent., and in some 


cases 14 per cent. He believed there 
could be no possible mistake about this, 
as it had been confirmed by repeated ex- 
periments. He found that if a screw 
gave a negative slip at a low speed it was 
a bad propeller for all speeds. 
proportioned screws the slip increased 
with the speed up to 18 knots per hour; 
above that it slightly diminished. 

It was the practice of this firm to use 
two-bladed screws, as they believed there 
was a slight gain over three-bladed ones. 
It had often been said that, probably 
from using a two-bladed screw, their 
boats vibrated more than they otherwise 
would do, but this he believed was not 
the case. He thought if a two-bladed 


screw was well immersed and perfectly | 


balanced, there was really no vibration 
whatever due to it. 
mainly caused by the unbalanced vertical 
movements of the engine. This had 
been ascertained by removing the pro- 
peller from one of their boats, and then 
working the engines. The vibration was 
precisely the same, in degree and in kind, 
asif the boat was traveling. Also, in a 
torpedo boat 86 feet in length, when the 
engines were making two hundred, four 


In well- | 


The vibration was | 
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hundred, six hundred or eight hundred 
revolutions per minute, the vibration was 
excessive, but at intermediate speeds of 
three hundred, five hundred and seven 
hundred, the vibration ceased altogether, 
showing that there were speeds at which 
these boats must not be allowed to run 
for any length of time, since serious 
vibration meant excessive wear and tear. 

He thought any discussion on this sub- 
ject would be incomplete unless reference 
was made to the Herreshoff torpedo 
boat, as, although it proved a failure, it 
still combined a great number of novel- 
ties, and was the most ingenious and in- 
teresting vessel of its class that had ever 
been brought out, and did infinite credit 
'to its designers. 

There was one point to which he would 
specially allude, viz., the position of the 
propeller, which was under the bottom of 
the boat. This position had its advant- 
ages and disadvantages, and his firm took 
an early opportunity of testing the value 
of it in one of their large boats. They 
selected for the purpose a boat of the 
usual size and power to make a fair com- 
parison. They found. contrary to ex- 
pectation, that instead of obtaining an 
increased speed, due to the propeller 
working in more solid water, there was a 
loss of speed. In fact, it was ascertained 
by comparing it with other boats having 
the propeller placed in the usual position, 
that there was a waste of 80 HP. out of 
450 HP.; that was to say, with the same 
power, the loss in speed was about 1} 
knot per hour. He believed this might 
be due to the propeller, being under the 
bottom, causing a stream of water to flow 
with considerable velocity in the opposite 
direction to that in which the vessel was 
traveling, inasmuch as the boat was 
passing through water partly at rest, and 
partly having motion in the opposite di- 
rection, causing increased skin friction. 

It had become a question in what way 
machine guns affected torpedo boats. He 
estimated that a weight of 10 tons, dis- 
tributed over the deck and sides of a tor- 
pedo boat 100 feet long, would give 
ample protection against the guns at 
| present in use; that was at a distance 
| suitable for firing the Whitehead torpedo. 
/As experiment demonstrated that, in a 
|100-feet boat having 40 tons displace- 
ment, for every ton additional carried 
there was a reduction in speed of nearly 
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4 knot; it followed that the extra 10 
tons weight represented a loss of speed 
amounting to 24} knots; and i! rested 
with naval authorities to determine 
whether the fraction of speed or the pro- 
tection was the more desirable. 

There was only one small point in 
which he differed frem the author, who 
stated that the most favorable position 
for the propeller at high speeds was 
astern of the rudder. If, at the same 
time as placing the rudder aft of the 
screw, the propeller itself was bodily 
moved nearer to the stern of the boat, 
then he was prepared to admit that there 
would be a reduced efficiency, but this 
reduced efficiency would be due to the al- 
tered relative position between the pro- 
peller and the stern, and not really to 
the rudder. Not only did he consider 
there was no loss by the rudder being 
placed aft of the screw, but he was of 
opinion that there was a positive although 
but a small gain. The reason for believing 
that the rudder being aft of the screw 
added to the efficiency, was because it had 
a tendency to check the rotary motion of 
the water. 

Some time since his firm tried some ex- 
periments with a propeller or turbine, 
similar to what the Hon. R. C. Parsons, 
Assoc. M. Inst. C.E., and others had ad- 
vocated, and which consisted of a ring 
provided with blades formed as screw 
blades. This propeller was placed in the 
usual position at the end of the shaft: 
Aft and close to this, there was another 
fixed ring, with guide blades in it curved 
in such a manner as to take up and utilize, 
for the propulsion of the vessel, the rotary 
motion imparted to the water. They had 
tried some experiments on a boat with 
this arrangement in three forms :—in the 
form just described ; also by substituting 
straight guide blades for the curved ones ; 
and also without guide blades. As might 
have been expected, without guide blades 
the efficiency was very inferior; but 
whether the guide blades were straight 
or curved was a matter of little import- 
ance, showing that guide blades (although 
straight) added to the efficiency of the 
propeller. From these experiments, he 
contended that the same thing held good, 
but to a much smaller extent, with an or- 
dinary screw, in which case the rudder 
acted the part of a guide blade. 


Again, in confirmation of this argu-| 


ment, he might mention that his firm 
built two boats, one with the rudder aft 
of the propeller, and one with the rudder 
forward of the propeller, but the relative 
positions of the propeller and of the stern 
were the same. The result was that the 
boat having the rudder outside the pro- 
peller, gave a trifle higher efficiency for 
the same HP. It must be borne in mind 
that, in dealing with this question. the 
rudder was assumed to be made so as to 
offer the least possible resistance ; and 
his firm always made their rudders out 
of a solid steel forging exceedingly fing 
at the forward and after edges. 

The author had stated that in the boats 
supplied by him to the English govern- 
ment he was in the habit of using iron 
for the fire boxes, and that they pos- 
sessed greater strength than if made of 
copper. It was the usual practice of his 
firm to use copper and not iron where a 
very high rate of combustion was required, 
because they thought it a more suitable 
and reliable material when subjected to 
intense heat and rapid changes of tem- 
perature; their impression being that 
iron for such a purpose was somewhat 
treacherous. It would be of great in- 
terest to ascertain the comparative merits 
of copper fire boxes and iron fire boxes, 
also of iron tubes, brass tubes, or iron 
tubes with copper ends, as it appeared 
the choice lay between these three. Con- 
cerning this question he believed his firm 
was not alone in having had considerable 
trouble in keeping the tubes in the fire 
box tube-plate tight. It was one of the 
greatest difficulties they had to contend 
with. About three years ago, when they 
were greatly troubled in this respect, 
their attention was drawn to the ovaling 
of the tube holes by Herr A. Waldfogel, 
chief engineer of the Austrian navy, and 


/also by Mr. E. J. Cowling Welch. They 


at once set about trying some experi- 
ments to test exactly what was going on 
with the tube plate when the boiler was 
in steam. The first row of stays next the 
tube plate was removed from one boiler, 
and other stays substituted, fastened to 
the copper fire box as usual, and passing 
through stuffing boxes on the outside 
shell. There was a nut on the end of 
each stay bearing upon the gland of the 


| stuffing box in case a tensile strain came 


upon it. When the boat was steaming 
and there was a fierce fire inside, all these 
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stays were relieved from tension, and in 
fact the stays had moved through the 
stuffing boxes to the extentof from 7; inch 
to tinch. It ws exceedingly interesting 
to remark how suddenly, when the fan 
inside the stokehole was stopped and 
started, the stays moved in and out of the 
stuffing boxes, showing, in this class of 
boat, where the combustion was con- 
stantly varying, what unfavorable strains 
must come on the tube plate if the stays 
next the tube plate were rigid. In one 
case, the extension of a tube plate was 2 
inch in the first run. It was now their 
practice to fit the first complete row of 
stays in copper fire-box boilers, with stays 
arranged in such a way that they could 
expand and contract freely, as was done 
by some locomotive builders on the Con- 
tinent. He might mention also that of 
late they had made a drop in the fire-box 
top of 4 or 5 inches, so that an area of at 
least three-fourths of the fire-box top was 
on a lower level than the portion next 
the tube plate. This allowed a little 
longitudinal movement, and at the same 
time gave a greater depth of water over 
the fire-box top, which in small sea-going 
vessels he believed to be desirable. 

Mr. J. R. Ravenni1t said, although Mr. 
Yarrow had given a most interesting ac- 
count of his experience, he had stopped 
short in his explanation. There could be 
no doubt that the speeds attained by the 
boats of Messrs. Thornycroft and Messrs. 
Yarrow were very nearly alike. Mr. Yar- 
row had alluded to a difference in the 
form of the propeller, but he had not 
mentioned certain details of his arrange- 
ments differing from those shown in the 
engine exhibited by the author. Mr. 
Ravenhill would therefore venture to 
supplement what Mr. Yarrow had stated, 
so that the members might have before 
them the means by which such high speeds 
were uttained. Messrs. Yarrow attached 
the main engines alone tv the shafting. 
For working their air pumps and feed 
pumps, an auxiliary engine was em- 
ployed, and by this means ran them at a 
much less speed than was adopted by 
Messrs. ‘l'hornycroft, whose practice had 


| 
been to run them at a greater number of | was the performance of some of the mer- 
There was barely a limit to| chant steamers at the present time. 


revolutions. 

the number of revolutions that might be 

run, the engines being put direct on to 

the shafting, and driving only the pro- 

peller. It was a movement in the right 
Vor. XXVI.—No. 5—26. 


| weight. 
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| direction, because there was no doubt 


that, by piston speed, weight might be 
saved. The weight of the machinery in 
the torpedo boat was, as had been stated 
by both makers, a most important ele- 
ment. It might be that they could not 
do very much more than they had done 
with reference to the engine, because 
they made so many parts of steel. There 
was very little cast iron left for them to 
eut and pare on. In his opinion, there 
|was a considerable advantage in having 
the air pumps distinct from the engines. 
They could be started with a vacuum at 
any time by taking care to have the 
smaller engines at work first. Any one 
who had been accustomed to see these 
quick-running engines well handled 
would fully understand the advantages 
to be obtained in that way. It was the 
boiler to which attention would have to 
be directed for the further saving of 
The weight of the locomotive 
boiler was considerable—probably 30 per 
cent. of the whole. The water-tube 
boiler had hitherto not answered all ex- 
pectations. Two or three different forms 
had been tried, but he believed that be- 
fore long some form of water-tube 
boiler would be found essential. En- 
gineers who were paying attention to 
that class of machinery could not do bet- 
ter than bestow great attention on that 
| point, until the right kind of bviler for 
itorpedo vessels was discovered. The 
‘author had, in Table IIL. alluded to the 
Holyhead boats, and there were one or 
two points in connection with the Table 
|to which Mr. Ravenhill desired to call 
jattention. The indicated HP. was clearly 
that of the “Leinster.” The revolutions 
|per minute were stated as twenty-two, 
but when the vessel was indicating the 
power quoted in the Table, the revolu- 
|tions were 26} per minute, which would 
|give a speed of piston of 3544 feet per 
| minute. The boiler pressure was 25 lbs., 
‘and the indicated HP. per foot of fire 
grate 16.7. The improvement shown 
| was no doubt very marked, but he should 
have been glad if the author had sup- 
|plemented his figures by stating what 


A 


large vessel recently, when on trial, had 


|a piston speed of over 800 feet per min- 


ute for a considerable time, and her 


| ocean speed was to be 780 feet per minute. 
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Apmrirat Seiwyn had been delighted to 
listen to the exposition which the author 
had given of some of the advantages 
that had accrued to the world by the 
study of principles of which he was the 
first exponent: how light and yet pow- 
erful engines should be made, how light 
and how handy vessels could be con- 
structed, and how fast they could be 
driven; which to a naval man involved 
the whole question of success at sea. 
He had given a dissertation on the work 
accomplished, the result of long years 
of observation reduced to 
practice. Some of his conclusions might 
be open to question. Admiral Selwyn 
might demur to the first conclusion, that 


if better results than had been obtained | 
were desired, it would be necessary to | 


resort to larger boilers. He should be 


disposed to ask whether the fuel em-| 
ployed could not be changed, and wheth- 
er it was necessary to provide larger | 
boilers, which instead of giving 11 lbs. 
of evaporative duty under the plenum 
to which they were subjected of air-| 
pressure and consequent oxygen blown 


in to promote combustion, gave an econ- 
omy much less than desirable, and than 
what he had said had been found in the 


same boilers under their natural draught. | 


That was the solution of the difficulty, but 
not in the most philosophical way. 
should have desired to see some reference 
to the proportions between the strains 


and the margin of the load—to see how} 
nearly a safe load on each part of an en- | 
gine and a boiler had been attained, and | 
whether a continuance of work under | 


those loads could be relied on. He like- 
wise wished to advert to the mode of 
propulsion by screws. His recollection 
extended back to the first screw known 
in the country, the Archimedean screw. 
It was not, however, absolutely the first, 
because that was exhibited more than 
two hundred years ago by a working 
shipwright, and he believed was still to 
be seen in Plymouth yard. No remarka- 
ble advance had been made in screws, 
A screw, asthe author had well said, 
would give a very fair result, seven- 
tenths of the power applied to it, so 
long as no air came to it; but the 
instant a screw vessel was taken into 
the disturbed ocean, air was an inevita- 
ble accompaniment. The vessel would 
pitch in nine cases out of ten, and the 
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successful | 


He | 


screw as a propeller was then in the in 
efficient condition which the author had 
| described, ‘about 50 per cent. of the 
|power being wasted. He thought it 
| would be necessary to go a little further 
jand contemplate a different condition of 
ithe screw altogether. With regard to 
ithe Herreshoff boiler, referred to in the 
paper, although it was doing wonders in 
| the way of evaporation, as might be ex- 
| pected where a small quantity of water 
was subjected to a very high heat in a 
coil, it was not reliable unless distilled 
water was used. The Herreshoff coil 
was one of the oldest inventions on the 
|subject, having been produced by tli 
| grandfather of a celebrated inventor in 
high pressures many years ago, but it 
was given up by him as not being an 
efficient instrument. Engineers ought 
not to be misled either by the Herre 
shoff boiler, or by the position of the 
screw. This position had been described 
as occasionally causing loss instead of 
gain. If the screw were put sufficiently 
deep down to run in the undisturbed wa- 
ter surrounding the vessel, then, like all 
other propelling instruments, it would 
give its best effect ; but if the velocity of 
the vessel were increased, and the accom- 
panying skin of water increased also in 
depth, there might be a loss instead of 
again. As in the case of all screws, in 
whatever position, it depended entirely 
upon the speed of the vessel, and the po- 
sition of the screw relatively to that 
speed. No such instrument would suc- 
ceed unless it was tried under all con- 
ditions. It would give a great effect 
| when the speed of the vessel was not 
|such as to carry the skin of the water 
|round the vessel deeper than the upper 
'part of the blades; it could give no ef- 
fect at all, or a negative effect, the in- 
stant it was comprised in the current 
carried by the vessel which the late Mr. 
Froude had defined. Sir William Thom- 
son had an objection to the Berthon log 
/or speed measurer. Many persons had 
been charmed with the idea of having an 
instrument like a barometer in the cabin 
to measure the speed of the vessel. It 
| was thought that if a tube were taken 
|out of a vessel which showed the press- 
|ure on the bottom of it, in that way the 
| measurement of speed could be obtained ; 
but Sir William Thompson's experiments 
‘had shown that unless the tube were pro- 


a 
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longed for each speed of the vessel be- 
low the skin of the vessel, the result 
would be worthless. It was necessary 
to have it in undisturbed water, which it 
was not possible to get under ordinary 
conditions. With regard to the question 
of engines, overhung as the cylinders 
were now in most of the compound en- 
gines adapted to torpedo boats, he could 
recognise the fact that it was sufficient to 
provide for vertical pressure in smooth 
water ; but he denied the fact that if the 
vessel were to be considered subject to 
the ordinary motions at sea, it was safe 
with any large sized vessel to rely on 
such a provision for unison with working 
surfaces. If the cylinders were a con 
siderable portion of the weight, the en- 
gines suported only vertically, and stayed 
to a yielding skin, a motion of two inches 
from side to side, such as he had some- 
times witnessed, would throw strains 
which he was certain no constructor had 
ever calculated, on every part of the en- 
gine. He was not surprised, under those 
circumstances, that many parts calcula- 
ted according to the usual law of strains 
had been unable to bear the stresses 
thrown upon them. Reference had been 
made to the compound engines of a 
United States revenue steamer, in which 
the cylinders were thorougly steam-jack- 
eted, with the steam at 82 lbs, per square 
inch initial pressure. What was meant 
by being thoroughly steam-jacketed? It 
meant a heat and a pressure superior to 
that at which it was intended to use the 
steam inside the cylinders ; and 82 Ibs. 
pressure did not involve a very high de- 
gree of heat kept up. The losses by ex- 
ternal radiation might well be equal to 
the loss by radiation from 82 lbs. steam ; 
but dealing with much higher pressures 
and higher temperatures, enormous val- 
ues might be got out of steam-jacketing, 
and if it was ignored it was impossible 
to conduct the expansion which ought to 
be due to high pressures, and which gave 
them their chief value with any good re- 
sult. During some recent experiments 
in America, the steam-jackets were con- 
sidered useless, and had been shut off, 
and the engineers were puzzled to find 
that there was much condensation of wa- 
ter in the cylinders, because the jackets 
had been carefully cut out, and the steam 
was left to go in at high pressure and to 
on dense in the cylinders to form water, 
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| 

| tasking the whole of the work to get rid 
of the water, so that the economy fell 
much below what it ought to have been. 
Reference had been made to Perkins 
metal. He was interested merely in a 
scientific way, in knowing whether Per- 
kins metal succeeded in preventing all 
scoring of cylinders at high temperatures 
and at high speeds of the piston. [If it 
did, he thought the author would ac- 
knowledge that it was of no use to compare 
it with any other metal or any other rings. 
If, in the absence of lubrication, which 
had always been a difficulty, the Perkins 
metal showed an absence of scoring on 
the cylinders at the highest temperatures 
of steam, and the highest speeds of the 
piston, progress would be much faster 
than would otherwise be possible. It 
was not sufficient to consider the ques- 
tion that they worked much more quietly 
than single wide rings; the question 
was whether wide rings would work at 
all under those conditions? That was 
the interesting point to engineers. With 
regard to the water evaporated per lb. of 
fuel, he had long been an advocate of 
condensed fuel, by which an advantage 
could be gained that never would be se- 
cured by forced combustion. If combus- 
tion were forced, pouring in oxygen and 
nitrogen, all of which nitrogen must be 
heated up, and all of which heated gas 
was lost, doing no good whatever, so 
favorable an effect would never be got as 
could be obtained with the condensed 
fuel which could evaporate a large quan- 
tity of water without undue draught. 
Engineers might do away with the chim- 
ney draught, and not only be without a 
plenum in the stoke-hole, but not even 
' have a vacuum in the funnel, or anything 
approaching it. There could thus be ob- 
tained an evaporation of 60 lbs. of water 
by a consumption of 1b. of fuel, plus 
1 lb. of steam. If the chemical laws of 
‘combustion under which it was done 
were understood, it could be done again 
and again, as he had seen it done with a 
common Cornish boiler. There was one 
point which had especially struck him in 
connection with the paper. If the au- 
thor and Mr. Yarrow could build boats 
which had an angle of vanishing stability of 
79°, it was surely possible, with ironclads, 
| by resorting to the same means, to ob- 
'tain a much greater vanishing angle of 
‘stability than 45°. That was of the ut- 
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most importance to the navy of England. 
Ironclads were being built which did 
not command the confidence of those 
who sailed in them. It was a fashion to 
say that everything was done for the 
best, and that it was the best that could 
be done; but that, he felt sure, was not 
a principle that would commend itself to 
an assembly of engineers. Nothing was 
done while anything remained to be done, 
and so long as there was a_possibil- 
ity of increasing the stability of vessels, 
so long that increase should be sought. 
It was to be gained by a change of form, 
by amending the tonnage laws which at 
present limited the forms of merchant 
ships, by improving the shape above wa- 
ter without much affecting the midship 
section or the frictional surface, and there- 
fore but slightly the speed of the vessel. 
If constructors would in many things 
follow the lead which the author had 
given, they would be able to make im- 
provements, and naval architects of the 
highest class would gain very greatly, 
and obtain a title far beyond that which 
any Institution could give them to the 
confidence of their fellow countrymen. 


‘ 
c 


Mr. James Wright, C.B., Engineer-in 
Chief of the Navy, observed that in the 
remarks he had to make there would be 
little that was new, but he thought it 
only right to say a few words in refer- 
ence to the experience of the Admiralty 
of the machinery supplied by the author 


of the paper. As to the engines, which 
had been severely tried, they had an- 
swered in every respect, and there had 
been no mishap of any kind—indeed 
there had not been even a case of hot 
bearings on the trials, a common thing 
in the trial of marine engines in the pres- 
ent day. When he stated that engines 
like those exhibited had been run for 
three hours continuously at over six hun- 
dred revolutions per minute, and for 
shorter periods six hundred and fifty, he 
thought that was saying a great deal. | 
Indeed it was only fair to the author to 
say that, as far as the engines were con- 
cerned in the boats supplied by him to 
the Admiralty, they were as nearly as 
possible perfect for the purpose for| 
which they had been designed. With 
regard to the boilers, he could not give 
quite the same unqualified testimony. 
They had done very well on the whole, 
but there had been some trouble with | 
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leaky tubes. The first boilers has brass 
| tubes, and they leaked very much; then 
iron tubes were tried, but they leaked 
too. That was really the only structural 
defect encountered; the experience of 
locomotive engineers would no doubt 
help to overcome the difficulty. The 
other matter was that of the boilers 
priming. The author had mentioned 
that boilers of the locomotive type in 
torpedo boats should have larger steam 
room than ordinary locomotive boilers 
He thought the author would have to 
go farther, and give more space between 
the tubes—in fact to make the boilers al- 
together rather more roomy. They were 
of course at a disadvantage compared 
with the ordinary locomotive boiler, be 
cause it was not always possible to get 
pure fresh water; the water had to be 
evaporated and sent through the engines 
over and over again; and although pre- 
cautions were taken to keep out the oil 
as much as possible, there was no doubt 
that after a time the water became greasy, 
und that seemed to set up priming. That, 
however, could only be regarded as an 
occasional difficulty which would, no 
doubt, be removed in time. In other re- 
spects the boilers had been satisfactory. 
In Table III. the author had taken the 
“TInflexible’s ” engines as a type for com- 
parison with the torpedo boat engines, 
and he had given the weight at 420 lbs. 
The 420 lbs. had 
been taken upon the original weight 
when the ship was designed seven years 
ago; as completed, the actual weight 
was only 360 lbs., and the HP. so ob- 
tained was without any artificial blast, 
simply by the natural draught of the 
boilers. He merely mentioned the cir- 
cumstance to show that modern marine 
engines stood rather better in relation 
to the examples of other engines given 
than the Table would indicate. To con- 
firm what he had stated, he might men- 
tion that the weight of the “Nelson's” 
machinery was 360 lbs. per indicated 
HP., and that of the “Iris” only 320 
lbs. Those weights had been taken up- 
on trials with the natural draught; if 


the draught had been forced to a moder- 


ate extent, as it usually was in such 
trials, by the steam blast, no doubt the 
weight would have been but a little over 
300 Ibs. Of course, in any such system 
of machinery as that described, the ques- 
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tion of forced combustion was an al!-im- 
portant one. and no doubt the author had 
been quite right in adopting the best 
method. Some persons had objected to 
the method on the ground that it would 
have a bad moral effect on the stokers. 
It was thought that men would not 
readily be got to work the fires when shut 
up in a closed stoke hole without ready 
means of escape. He was glad to say 
that no such difficulty had as yet been 
experienced, and he did not think that it 
was likely to be. There was really no 
danger incurred. In all cases appliances 
were provided (first introduced, he be- 
lieved, by Mr. Yarrow) for preventing 
any injury to the stokers by the bursting 
of a tube; and the author had advised 
another arrangement for the same pur- 
pose. In the very improbable case of a 
boiler explosion, he did not think it 
would be of much matter to the stokers 
whether the stoke hole was closed or not. 
With a view, however, of seeing whether 
any method of forced combustion ap- 
proximating in efficiency to the one with 
the stoke hole under pressure could be 
obtained, so as to work with an open 
stoke hole, a number of experiments had 
lately been made in the dock yards, some 
with steam jets and some with blowing 
the air into the funnel. Forced combus 
tion by the steam jet on the old system 
was very wasteful. Usually, in trials of 
ordinary marine engines, there could be 
got with the steam jet in the funnel an 
increased combustion of coal from 40 to 
50 per cent. over what was obtained with 
the natural draught; but it was very 
wasteful, the increase in power not ex- 
ceeding 15 per cent. over what was ob- 
tained with the natural draught. Of 
course, the steam jet could not be used 
for torpedo boats, as it would lead to 
the waste of fresh water in them. Trials 
were made in No. 3 torpedo boats (of 
which the author had given the evapora- 
tive results), using the same fan, but 
blowing air into the chimney. The fan 
was driven so hard as to give a pressure 
equal to 12 inches of water per square 
inch and upwards. Nozzles of different 
sizes were tried, from 2 inches up to 5 
inches in diameter, such as the blast 
nozzles of locomotive engines ; a slit ring 


was also tried, but the results were dis- | 
result | 


appointing. In fact, the best 
which was with a nozzle 34 inches in dia- 
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'meter, was no better than what was ob- 
tained in the ordinary boiler with the 
natural draught; and it was not one- 
half what was obtained with two inches 
of air pressure in a closed stoke hole 
with the same boiler. The consequence 
was that he thought the idea must be 
given up of using any other means than 
the closed stoke hole. It was not a new 
thing; he believed it had been employed 
a long time in America, where dull-burn- 
ing anthracite coal required a great deal 
-of forcing ; it was also gradually being 
introduced into France and in various 
parts of this country, for large ships. 
Altogether, it appeared to be the best 
system that could be adopted. About 
three years ago, observing the success 
that the autbor and Mr. Yarrow had ob- 
tained, the Admiralty had ordered from 
Messrs. Humphreys of Deptford a set of 
machinery on this system for the torpedo 
ram, “ Polyphemus.” The engines were 
expected to develop 5,500 indicated HP. 
Although ordered three years ago, the 
progress in building theship had been very 
slow, and on that account they would 
probably not be tried for three or four 
months. The power was expected to be 
developed with a piston speed of 780 feet 
per minute—a very considerable advance 
on the ordinary speed at which marine 
engines were worked. The boilers would 
be ten in number, larger than any of 
those which the author had used for his 
first-class boats, and would be divided 
into four stoke holes. It was hoped they 
would not require an air pressure of 
more than two or three inches of water. 
The cylinders were much larger in capac- 
ity for the power than those of torpedo 
boat engines, and in other respects the 
engines had not been reduced in weight 
to such an extent as the torpedo boat en- 
gines ; but the saving in total weight was 
considerable. It was expected that the 
weight per indicated HP., instead of 
being 360 Ibs., would only be 180 Ibs. 
The saving in actual weight would be 
about 320 tons, or over 40 per cent of the 
weight of the compound marine engines 
with boilers of the ordinary kind, like 
those of the “Iris.” He thought the 
system would be applicable to fleet pas- 
senger steamers making short passages, 
where a large coal consumption was a 
|matter of little importance, considering 
the short time they were under way, and 
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where they could easily be suppled with 
clean fresh water. He thought it would 
be worth while for the author to turn his 
attention in that direction. He did not 
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‘think the paper admitted of much criti- 
cism. It was a record of well-merited 
success, and he was glad to have an op- 
portunity of bearing his testimony to it. 
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3y HAROLD B. DIXON, M.A. 


From the “Journal of the Society of Arts.” 


In the study of both heat and light we 
have to distinguish two quantities—in- 
tensity and total amount. In the meas- 
urement of heat, we are concerned some- 
times with the intensity of heat in a body, 
or its temperature, at other times with 
the total amount of heat contained by 
the body. Similarly, in the measurement 
of light, we may have to determine one 
of two quantities—first, the intensity or 
intrinsic brightness of the light; sec- 
ondly, the total amount of light emitted. 
The intrinsic brightness of the electric 
are far exceeds that of any flame we can 
produce, but a gas flame with less intens- 
ity than the are may be made to give a 
better illumination, by reason of the great 
magnitude of its radiating surface. In 
estimating the value of any source of 
light—such as an oil lamp, a gas flame, 
or a candle—what we are generally most 
concerned with is the total quantity of 
light it gives for a given consumption of 
fuel; in other words, we want to know, 
when we purchase an illuminant, how 
bright it will make our rooms, and how 
long it will last. The intrinsic bright- 
ness of the flame, apart from its illumi- 
nating power, is but a secondary consid- 
eration. 

The sensations of radiant heat and 
light we experience when we stand in 
front of a coal fire, are produced by the 
impact of ethereal waves upon our nerves. 
The red-hot coal is composed of a num- 
ber of molecules thrown into a state of 
intense vibration, by the chemical action 
going on between the air and the surface 
of the coal. These vibrations are com- 
municated to the sea of ether pervading 
all space, and are transmitted to a dis- 
tance as ethereal waves, just as the vibra- 
tions of a tuning-fork are communicated 
to the surrounding air, and are transmit- 
ted to a distance as aerial waves. As we 


stand in front of a fire, these ethereal 
waves beat upon us, and produce sensa- 
tions of warmth and light. As the fire 
dies down, our sensations of warmth and 
light become feebler; but they do not 
disappear together. Long after we have 
ceased to be conscious of any light, we 
can feel radiant heat streaming from the 
ashes. On the other hand the full moon 
at night gives us the sensation of bright 
light, unaccompanied by any feeling of 
rarmth. Yet the ethereal waves which 
produce these two sensations differ not 
in kind, but only in degree. Their un- 
dulatory nature is the same, their rate of 
motion is the same, but some are packed 
closer together than others, so that they 
differ in the rapidity with which they 
succeed one another, and strike upon 
our senses. Those which succeed one 
another at short intervals are called short 
waves, those which follow one another 
at longer intervals are called long waves. 
The total radiant energy of a hot, lu- 
minous body can be accurately measured 
by completely surrounding it with a wa 
ter jacket, and observing the increase in 
temperature which the water undergoes 
|in a given time. The ethereal pulsations 
|of every wave-length, radiating from the 
hot body, are absorbed by the surround- 
ing water, whose molecules take up the 
vibrations, and are thus set swinging 
more briskly. This increase of molecu- 
lar motion in the mass of water can be 
measured by a thermometer plunged in 
it. To raise one gramme of water in 
temperature through one degree, one 
unit of radiant energy is necessary. If 
therefore, we know the mass of the water, 
and we observe the number of de- 
grees through which its temperature is 
raised in a given time, we have all the data 
required for calculating the total radiant 
energy of the hot body. But such an ap- 
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paratus would not help us to determine 
the light emitted by a flame apart from 
the heat. Of the infinite number of 
waves of different lengths emitted by a 
white hot body, only a certain few are 
capable of exciting sensation in the hu- 
man eye. When the crests of the waves 
of ether, beating on the eye, are more 
or less than a certain distance apart, we 
have no sensation of light. The longest 
waves that can excite vision give us the 
sensation of red, the shortest waves give 
us the sensation of violet. Waves of in- 
termediate length give us the sensation 
of the other colors of the spectrum— 
yellow, green, and blue. When waves 
of all these lengths fall upon the eye in 
due proportion, we get the compound 
sensation we call white light. The eye 
is sensitive to ethereal pulsations only 
over a very small range. Waves of 
greater length than those which give us 
the sensation of red, and waves of less 


length than those which give us the sen- | 


sation of violet, produce no sensation of 
light at all. Since the extreme violet 


waves are about half as long as the ex-| 


treme red waves, the compass of our 


vision is very small compared with our 
audition, for it extends over a range cor- 
responding with barely one octave. 
Several attempts have been made to 
devise an instrument which should meas- 
ure the heat produced in the absorption 
of only that particular set of ethereal 


waves which affects the eye. Leslie en- 
deavored to measure the energy of the 
waves that excite vision, apart from the 
energy of the longer or shorter waves, 
by receiving the radiations from a lumi- 
nous body on the bulbs of a differential 
thermometer, one of the bulbs being of 
transparent glass, and the other coated 
with lampblack. His idea was, that the 
long heat waves would be absorbed by 
both bulbs equally, but that the black- 
ened bulb would absorb the light-pro- 
ducing waves as well, and so become hot- 
ter than the transparent bulb, which 
would allow them to pass throug. it un- 
absorbed. But, as Leslie himself proved, 
lampblack is a better absorber of heat 
waves than clear glass, so that the de- 
pression of the liquid in the tube con- 
nected with the blackened bulb is not to 
be wholly or even mainly attributed to 
the light absorbed. 

Another and better attempt was made 
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by Ritchie in 1825. The bulbs of his 
differential thermometer were composed 
of closed metallic vessels, with one thick 
glass plate side. Inside each vessel a 
piece of blackened paper was hung so as 
to intercept the rays which entered 
through the glass plate. The two ves- 
sels were placed side by side, these glass 
faces being turned in opposite directions, 
and one of the lights to be compared was 
moved nearer or farther away from the 
photometer, till the liquid in the bent tube 
connecting the vessels stood at the same 
height inbotharms. Then, if only those 
rays which produce the sensation of light 
could pass through the glass plates, and 
if they were all converted by the black- 
ened paper into heat, the instrument 
would give a correct measurement of the 
relative quantity of light rays falling on 
the two bulbs; but it would not neces 
sarily inform us which of the two lights 
would appear the brighter to our eyes 
For unless it could be proved that our 
sensation of brightness varies directly 
with the quantity of luminous rays which 
fall upon the eye, and is independent of 
their wave-length or color, it might hap- 
pen that two different sources of light 
might give out light rays which, con- 
| verted into heat, would equally affect the 
two bulbs of the thermometer, and yet 
might differ in illuminating power, owing 
to our eyes being more sensitive to the 
rays of one, than to the rays of the 
|other. But however this may be, it cer- 
| tainly is not the case that only those rays 
| which excite vision can pass through glass 
jand, therefore, Ritchie's instrument does 
| not fulfill the first conditions of a pho- 
| tometer. 

A similar objection applies to many 
{other methods of determining indirectly 
|the illuminating power of a source of 
light. There have been devised excel- 
llent means of measuring the amount of 
| chemical or physical change produced by 
| the action of light on certain substan- 
|ces, such as the darkening of silver salts, 
'the combination of hydrogen with chlo- 
rine, the decomposition of hydrogen 
iodide, and the alteration in the electric 
conductivity of selenium: but such 
measurements are not determinations of 
illuminating power, but of certain por- 
tions of the total radiant energy of a lu- 
minous body, which include more or less 
completely the rays that excite our vision. 
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Since, therefore, the object aimed at in 
photometry i is measurement of the effect | 
produced on our eyes by any source of 
light, it is essential that the eye should 
be used to receive the rays; and since it 
is impossible to remember at all accu- 


rately, even for a short time, the effect | 
produced on our eyes by any source of | 


light, it is also essential that we should 
have a constant standard of light, with 
which to compare other 
directly. The production of a standard 
of illuminating power, with which other 
illuminants can be compared, and the 
mode of such comparison, are the two 


problems in photometry to which I desire | 


to draw your attention. 

The official standard used in England 
at the present time is a sperm candle of 
six to the pound. This is the 
prescribed by the Metropolis Gas Act of 
1860 for testing coal gas. Later acts, 
and the notification of the gas referees, 
contained detailed instructions as to the 
proper mode of employing candles; the 
candle must be eut in half, and lighted 
in the middle, so that, while one-half 
burns down to the thicker end, the other 
half burns down to the thinner end ; the 
candles must have been burning fifteen 
minutes before the testing begins, so 
that they may have assumed their nor- 
mal rate of burning; the candles must 
be weighed before and after each testing, 
and only those candles which burn more 
than 114 grains and less than 126 grains 
of sperm per hour are to be considered 
as standard candles, and a correction is 
to be made, when the consumption of 
sperm falls within these limits, on the as- 
sumption that the light emitted by the 
vandles varies directly with the sperm 
consumed. Butin spite of these pre- 
sautions great discrepancies have been 
obtained by careful operators using 
sperm candles as a standard of light. 
On this occasion I can do no more than 
refer to the experiments of other 
chemists on sperm candles, among which 
the ingeniously devised observations of 
Messrs. Kirkham and Sugg, and the long 
series of determinations made by Mr. 
Vernon Harcourt occupy the most prom- 
inent place. In consequence of Mr. 
Harcourt’s results, the Board of Trade, 
in 1879, appointed a committee to inves- 
tigate the alleged untrustworthiness of 
the candle standard, and to examine and 


sources of light | 


standard | 


aniahn upon three ela standards 
(1st) The sperm oillamp of Messrs. 
Keates and Sugg; (2d) the gas burner 
of Mr. J. Methven; and (3d) the air 
gas flame of Mr. Vernon Harcourt. This 
committee was composed of Dr. A. W. 
Williamson, Dr. Odling, and Mr. Georg 
Livesey. I had the honor of being ap- 
pointed Secretary to the committee, un- 
der whose direction I conducted the ex 
periments I propose to recount briefly to 
the Society. 

For our standard of light we employed 
coal. gas, stored specially for our use by 
Mr. Liv esey, in a large gas-holder, at th 
South Metropolitan Gas Works. Wé 
found that the illuminating power of this 
coal gas remained remarkably constant 
for a lengthened period, and, therefore. 
was well adapted for our purpose. In 
the first place, candles of slightly differ 
ent make, but coming under the Parlia 
mentary definition of “six to the pound, 
and burning 120 grains per hour,” wer 
obtained from the London firms wh 
manufacture sperm candles of the kind 
prescribed by the acts, and these candles 
were compared in an open and also in a 
closed photometer, with the stored coal 
The results have been condensed 
which gives the 

each variety 0 


gas, 
in the following table, 
average obtained with 
sperm candle tested : 


‘ 


AVERAGE RESULTS. 


strand. 


Maker. 


Threads in 
sumption of 
sperm ee | 
Hluminating 
minating pow 
er of 


each 


Average con- 





Miller 2 
5 18,18,19 


“c 


—_ 
ae ary 
StS 2 
GO = o> 


Langton and 
Bicknell. . 
Oxzleby 


120 
21. 22.23 139. 


wy wt 


6.6 
6 


3 19.0 | 91.4 
Taking the first two sets of figures, 
we see that the average illuminating pow- 
er of one variety of Miller’s sperm can- 
dles is more than 5 per cent greater than 
the illuminating power of a second vari- 
ety of the same maker's candles, which 
only differs from the first in the number 
of threads in the strands of the wick. 


| Looking at the individual testing made, 


we find that the illuminating power of 
the stored coal gas is given on one day 
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as 16.0 candles, by one pair of candles, | 


and as 18.5 by another pair; while on 
another day the illuminating power of 


| 


the stored coal gas is given as 17.1 can- | 


dles by one pair of candles, and as 19.5 
by another. 

In order further to test the variations 
of sperm candles, the committee had a 
photometer fitted to burn candles at both 
ends, which were made exactly similar in 
all respects. Each pair of candles was 
weighed before and after the experiment, 
and a corresponding correction was made 
in comparing their illuminating power 
for the sperm consumed. Each experi- 
ment consisted in taking ten observa- 
tions at intervals of a minute. The fol- 
lowing table contaims the corrected re- 
sults, the illuminating power of the less 
bright of the two pairs of candles tested 
being called 100 in every case: — 

The letters A, B, &c., represent different varieties 
of candles, the figures following different candles. 
Illuminating Illuminating 
Power. Power. 
1 100 101.6 
3 100 101.6 
‘ 100 101 5 
3 = 100 102.5 
4 100 101. 
105.6 


6 = 100 
6 100 105. 
109 


100 
100 = 105.¢ 
107. 


100 
102. 


100 
100 105. 
102. 


100 

100 = 100.5 
100 - 105.1 
100 when 111.7 
100 when 101.7 
100 when 104.8 
100 when 102.8 


to) 


when A. 
when A. 
when 

when A. 
when A. 


LY 
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A. 
{ A. 
1A. 
A. 
A. 
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or 
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when A. 
when 
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when 
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when 
when 
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$= 
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when 
when 


Dkr # DW 


A. 
C. 
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when 
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@ 


cr 


B. 
B. 
B. 
D. 


C. 
B. 
D. 1 
D. 1 


When the light of two pairs of sperm 
candles is compared directly in this way, 
the variations of intensity are strikingly 
apparent. The following are the actual 
readings taken every minute, in a test ex- 
tending over 20 minutes, of the illumin- 
ating power of a pair of candles, the 
value of the other pair being assumed to 
be 16 in each case. The candles were 
from different packets, but of the same 
make. The highest reading is 19.2, and 
the lowest 16.2, a difference of more than 
18 per cent, and within two minutes we 
find a variation of more than 12 per 
cent. 


6 = 
& : 


9 
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0. A. 15. 


| Nluminating Consump- 
power. tion. 


16 70.8 


A. 16. 
Illuminating Consump- 
power. tion. 


18.6 
18.3 
18.7 
18.8 
18.9 
18.8 
19.2 
18.9 
18.9 
18.7 
18.2 
18.6 


76 grs. 


A. 15 = 100 


18.25 x 70.8_ 199 g 


A. 16 = 100 x J 
16x 76 


18.25 mean. 


But the most convincing testimony 
against the candle standard is afforded 
by our third series of experiments, in 
which the stored coal gas was tested ev- 
ery day for a fortnight, with candles such 
as are now being supplied to the testing 
stations. The candles are sold in pack- 
ets containing 6 lbs. or 36 candles. We 
found that candles out of the same 
packet were fairly uniform in illumina- 
ting power. But the average value of 
the candles from one packet differed very 
considerably from the average value of 
the candles from another packet. One 
packet, composed of fairly uniform can- 
dles, gave, as the average result of test- 
ings made with ten candles, the illumin- 
ating power of coal gas as 15.0, and an- 
other packet gave as the average result 
of testings made with ten candles, the 
illuminating power of the same gas as 
17.2. The table (p. 274) contains the 
averages-of at least ten candles from each 
packet. 

In a parallel column are printed the re- 
sults of testings made with Mr. Har- 
court’s air-gas flame of the illuminating 
power of the coal gas during the fort- 
night these experiments lasted. 

Since the report of the committee was 
issued, Mr. Giroud has published experi- 
ments made with standard sperm candles, 
in which he tested them against each 
other, and against a standard gas flame. 
The results he has drawn up in a series 
| of diagrams which show the position of 
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VaLugw or StorRED Coat Gas AS GIVEN BY 


7 Date. | Standard Candles. {Air gas flame 
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lt | 


5.25 
5.02 
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G. .87 
H 72 
3 24 


K. 26 
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16.02 


General Average... 5.99 | 
the screen between the two candles, and 
between the candle and the gas flame, at 
each reading of the photometer. These 
diagrams reveal in a striking manner the 
rapid alteration from minute to minute 
in the intensity of light of a standard 
sperm candle. 

Count Rumford, in experimenting with 
his shadow photometer, discarded the 
candle of his day in favor of an oil lamp, 
with a circular wick, as a standard of 
light. By means of this oil lamp he was 
able to prove experimentally that the il- 
luminating power of a source of light 
varies in our atmosphere inversely as the 
square of the distance, and therefore, 
that the absorption of light by several 
feet of air is inappreciable. 

An oil lamp, with a circular wick, burn- 
ing purified colza oil at a certain rate, is 
used in France as the standard of light. 
Messrs. Keats and Sugg have introduced 
modifications into the French carcel 
lamp, and propose to employ a lamp 
burning pure sperm oil, with a two-inch 
flame as a standard. The lamp so con- 
trived givesa brilliant and steady light, but 
unfortunately, the long wick sometimes 
becomes so brittle, when charred, that any 
adjustment of its length becomes impos- 


sible without danger of breaking it. ‘he | 


objections which apply to a candle as a 
standard, also apply, though in a less de- 
gree, toan oil lamp. The exact nature 
and form of a burning wick are incapable 
of accurate definition, and since the illu- 
minating power is largely dependent 


‘on the nature of the channel which sup- 
plies the combustible to the flame, no 
standard seems likely to be trustworthy 
whose constancy depends on the uniform 
ity of a wick. 

Mr. Methven has devised a plan by 
which he proposes to measure the illu- 
minating power of coal gas, by cutting off 
a small portion from the center of the 
flame of an argand burner, supplied with 
the same coal gas as that to be tested, 
and using that isolated portion as the 
standard of light. The argand he em- 
ploys is the same “London Argand” 
used to burn the coal gas at the testing 
stations. In front of the lamp, between 
it and the screen, a brass plate is fixed, 
carrying a small thin silver plate, in 
which a slit one inch long and a quarter 
of an inch wide is cut. The plate pre 
vents any other light, except that which 
passes directly through the slit, from 
reaching the photometer. The height of 
the flame is adjusted as nearly as possible 
to three inches, though small variations 
in the height of the flame do not affect 
the quantity of light which passes through 
the slit. We found that there was no ap- 
preciable difference when the flame was 
raised or lowered a quarter of an inch 
from the normal height. From this de 
scription, it will be evident that Mr. 
Methven’s method is exceedingly simple, 
and little or no trouble is required to 
prepare the standard for use. The prin- 
ciple on which Mr. Methven founds his 
method may be thus stated: When dif- 
ferent qualities of coal gas are perfectly 
burnt in an argand burner, at such rates 
as to yield a three-inch flame, the central 
portions of such flames will be equally 
bright, no matter what may be the qual- 
ity of the coal gas supplied to the burner 
A rich gas will give a flame which begins 
to be luminous nearer the orifice of the 
burner than the flame from a poor gas ; 
but the screen, by cutting off this lower 
portion of the light, equalizes the two, as 
seen through the slit. To test the lamp, 
ithe committee conducted two series of 
experiments, using coal .gas of different 
qualities to supply the Methven burner ; 
| the first series were made at the London 
iGas Works, the second, at the South 

| Metropolitan Works. 

| The following Table gives the result of 
| the first series : 
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In these experiments, the two interme- 
diate qualities of gas were prepared by 
mixing the cannel gas of 21 candles with 
air. The excellent results obtained in 
this series were not repeated when the 


Ist Set. 


Value in candles of the gas burnt at the Methven 


burner 


2p Set, with F'REsH SAMPLES oF Gas. 


Value of the gas burnt at the Methven burner 


Value ‘ition to stored coal gas............. 


From these figures, it appears that va- 
riations in the composition of the gas 
may influence the light yielded by the 
Methven burner, and ‘consequently some 
check on the Methven burner becomes 
necessary, in the absence of which grave 
errors might pass unnoticed in the es- 
timation of a sample of coal gas. It is 
true that the Methven burner gives ac- 
curate results when burning the coal gas, 
generally sent out by the large Lon- 
don gas companies, and supplies a want 
felt by many gas managers—that of a 
rapid and easy method of testing their 
make of gasatany moment. But it is es- 
sential for a standard of light to be inde- 


pendent of any fluctuations in the quan-| 


tities to be measured by it, and this 
quality the Methven buruer does not 
possess in its present form. Mr. Meth- 
ven is at present engaged in perfecting 
his burner, and, I believe, will shortly 


bring forward a lamp, better adjusted to | 


give a constant light, with varying quali- 
ties of gas. 


STAND ARDS OF 


Value in candles assigned to the stored coal gas... 
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ia were supplied with varying quali- 


| ties of coal gas, obtained from the retorts 
|at different periods of the distillation of 
ordinary coal. The rich gas used was 
| that given off by ordinary coal during the 
|first hour of the charge. The poor gas 
(13.6 candles) was made by mixing gas 
|from the sixth hour of the charge with 
| ordinary gas. The intermediate quali- 
| ties were made by mixing the rich or the 
collected with ordinary 


|poor gas so 
| gas. : 

| In the following Table are given the 
results obtained with Methven’s burner, 
| Supplied with these different qualities of 
'coal gas, and used to test the stored coal 
| gas at the South Metropolitan Works: 


Dec. 1880. 


{ " 
H | 
| 
| 


13.6 14.3 14.9 15.515.8 16.417. 619.0 19.6 


21.2 16.6 15.6 15.2 14.9|14.5114.6 14.5 14.0 
| | 


Jan. 1881 





In Mr. Harcourt’s air-gas flame, the 
supply of combustible matter to the 
flame can be adjusted with extreme ac- 
curacy. An illuminating gas, especially 
prepared for the purpose, is burnt from 
a large orifice in a brass burner, at such a 
rate as to produce a flame 24 inches high. 
All the conditions of burning are capable 
of exact definition. The combustible 
matter is a certain portion of purified 
American petroleum, consisting mainly 
of the hydro-carbon pentane. The pres- 
ence of higher and lower members of the 
| paraffine series, which occur in American 
| petroleum, such as hexane and tetrane, 
| does not alter the illuminating power of 
| the air gas prepared from pentane, when 
these bodies are present in such quanti- 
| ties that the specific gravity of the mix- 
ture does not vary beyond certain wide 
limits. In practice, therefore, Mr. Har- 
court does not separate pure pentane 
from the purified petroleum, but separ- 
ates a liquid having a specified gravity 
‘closely approximating to that of pure 
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pentane, but containing, besides pentane, 
some tetrane and hexane. In this way, 
a fair proportion of standard petroleum 
is obtained from the crude gasoline im- 
ported into this country from New York. 
To try Mr. Harcourt’s system, the com- 
mittee first tested the stored coal gas at 
the South Metropolitan Works with 
samples of air gas prepared from differ- 
ent makes of standard petroleum, using 
alternately that of the highest and lowest 
specific gravity yielded by the process of 
separation. No difference could be de- 
tected in their illuminating power. 
Samples were next prepared and tested 
against the stored gas by different ob- 
servers, with the same result. Then the 
apparatus being set up in duplicate, one 
air-gas flame was tested against a second, 
in the same manner as candles had been 
tried against candles. The results so 
obtained were concordant to a surprising 
degree of accuracy. I give two of the 
sets of readings taken, the illuminating 
power of one flame in each case being 
valled 16, and each burner being supplied 
alternately from each holder. 


servations 
minute. 
2d Holder. 
y minute. 
1st Holder. 
Right-hand burner. 


2d Holder. 
Right-hand burner, 
Left-hand burner, 


' 
‘ 


Observations 


every 


O 


1st Holder 
Left-hand burner. 
every 


| 
| 


~ 
-— 
ww 

or) 


1). 
16. 
16. 
16. 
16. 
15. 
15. 
16. 
16.0 
16.0 


(Mean.16.00 ‘| 


Mean. 16.06 


Two objections have been raised 
against Mr. Harcourt’s system ; first, that 
it requires such skill and care in the 
operator as to unfit it for general use, 
and, secondly, that the meter and gov- 
ernor employed are on so small a scale 
that they cannot be made to work effici- 
ently. In answer to the first objection 
I should reply that skill and care are 
needed in working, but not such skill and 
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care as cannot be found among the ex- 
pert and conscientious chemists, who at 
present test the coal gas of the metrop- 
olis. On this point I can speak deci- 
sively. Mr. W. G. Wood, one of the 
official gas testers, after one day's in- 
struction, was not only perfectly able to 
adjust the air-gas flame, and obtain ex- 
act readings of the value of the stored 
coal gas, but prepared a sample of the 
air gas from the standard petroleum. 
which gave exactly the same result as 
previously prepared samples. In answe1 
to the second objection, that of the difii- 
culty of constructing for the air-gas 
flame a sufficiently delicate governor and 
meter, an objection which has, I believe, 
beén urged by those who make, and who 
therefore ought to understand them, I 
venture to reply that the makers under- 
rate their own ability, and that the accu- 
rate working meter and governor before 
you, constructed by Messrs. Wright & 
Co., is sufficient evidence to completely 
dispose of this objection. 

The method of comparing the illumin- 
ating power of two sources of light, 
by observing the distances at which the 
two lights must be placed from the 
screen, so that the portions illuminated 
by each shall be of equal brightness, was 
first adopted by Bouguer in 1729. 
Bouguer placed his lights behind a 
transparent screen, so arranged that 
one-half of it received the rays of one 
light only, and the other half the rays 
of the second light only, falling nearly 
perpendicularly on it. Exactly the sam« 
arrangement was afterwards adopted by 
Foucault in his photometer, who em- 
ployed for his transparent screen two 
sheets of glass, pressing a uniform layer 
of starch between them. Rumford, in 
1792, addressed to the Royal Society a 
description of a photometer, in which the 
two halves of a paper screen were sever- 
ally illuminated by the rays of two lights 
falling atan angle of 60°. The observer 
sat facing the screen with the two lights 
behind him, one on each side. Two 
small wooden uprights served to protect 
from the rays of one light that half of 
the screen illuminated by the rays of the 
other. Each upright had attached to it 
a supplementary strip of wood, which. 
by turning the upright round, could be 
brought to project into the light, and so 
increase the width of the shadow thrown 
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on the screen. By this arrangement, 


the shadows thrown by each upright | 
could be made to accurately coincide, | 


and the eye had less difficulty in judg- 
ing when the two portions of the screen 
were equally bright, because they then 
presented one homogeneously illumi- 
nated surface. Mr. Vernon Harcourt, in 
his new photometer, which by his kind- 
ness I am able to exhibit for the first time 
this evening, has adopted a somewhat 
similar arrangement for his screen. The 
lights, as in Foucalt’s photometer, are 
placed behind the screen, which is made 
of ordinary printing paper, No. 23, 
washed with water, and painted with a 
solution of spermaceti in petroleum. In 
front of the screen, and at a distance 
of about ?-inch, is placed a brass dia- 
phragm, baving two similar vertical slits 
cut in it, side by side, at a distance apart 
equal to their own breadth. The two 


lights to be compared are similarly placed | 


on each side of a line drawn perpendicu- 
lar to the screen. Theirrays fall at such 
an angle that the shadow thrown on the 


screen, owing to the solid piece between | 


the two slits stopping the rays of one 
light, is exactly illuminated by the rays 
of the other light passing through one 
of the two slits. 

By adjusting the distance of the brass 
diaphragm from the screen, it is easy to 
make the shadows accurately coincide, so 
that when the central portion is as bright 
as the two outside portions, the screen 
presents one homogeneously illuminated 
surface. With this photometer, I have 
recently made a few experiments in Mr. 
Harcourt’s laboratory; and I have taken 
from his note book the following num- 
bers, which represent independent tests 
of the illuminating power of a small 


sample of coal gas stored in the labo-| 


ratory : 


illuminating power 
of stored coal gas. 


ae 
a 
ka 
oo 

oe 


Date. 
Dec. 8th, 1881. 


Observer 


H. B. Dixon. 
A. V. Harcourt. 
H. B. Dixon. 
A. V. Harcourt. 
H. B. Dixon. 


16.4 


Illuminating power 


of stored coal gas. Date. 


Dec. 9th, 1881. 


Observer. 


H. B. Dixon. 


6 


. er 


ot 


a 


. S. E. Miller. 


“« 


aaa 


Mean 16.! 


In this photometer, the two lights and 
the disc are kept stationary, and the 
equality of the shadows is obtained by 
adjusting the coal gas supply. The 
photometer tells us at what rate we must 
| burn the gas in order to obtain a flame 
of 16-candle power. 

Bunsen was the first to employ a disc, 
having a portion of it made more trans- 
lucent than the rest, and placed between 
the two lights to be compared. When 
such a disc is illuminated more strongly 
in front than behind, the translucent spot 
seen from the front, appears dark on the 
bright ground, while an observer behind 
the disc sees the translucent spot bright 
on the dark ground. When the disc is 
equally illuminated on both sides, the 
spot appears neither brighter nor darker 
|than the rest of the disc. In the official 
measurement of the illuminating power 
of London, coal gas, the Bunsen disc is 
employed, and either the lights are kept 
stationary, and the disc moved, or the 
gas flame and disc are kept stationary, 
and the candles are moved until 
equal illumination is obtained. The 
distance of the two lights from the disc 
are then read off, and the squares of 
those distances give the relative illumin- 
ating power of the lights. 

Since the light of a sperm candle is 
redder than the light of a common gas 
flame, it is impossible to adjust the 
photometer so that the two sides of the 
Bunsen disc appear alike. In using the 
Bunsen and the star disc I have gener- 
ally adjusted the distances of the lights 
so that the circle or star appeared equally 
distinct on both sides, the pattern en- 
abling one to form an idea of distinct- 
‘ness apart from color. But though ex- 

tremely close readings may thus be 
obtained with the same disc, a change of 
| disc, or a mere reversal of the same one, 
{oecasionally introduces a considerable 
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variation in the apparent iNuminating | Several methods have lately been de- 
power of the coal gas. On the whole, | vised for comparing, by means of the 
therefore, I consider the shadow photom- | polariscope, the intensity of correspond- 
eter the fairer instrument. ing portions of the spectra of two lights 
Another method of determining the of different color. Such methods give an 
equality of two illuminated surfaces was | accurate measure of the relative intensity 
first proposed by Arago. When a beam of individual colors present in both lights, 
of light passes through a crystal of Ice-| but they do not compare the total in- 
land spar it is divided into two rays, |tensities. Again, by superposing such 
polarized at right angles one to the other, | portions of one spectrum as yield a tint 
called the ordinary and the extraordinary | similar to the tint of a portion or por- 
rays. A nicol prism is formed of two) tions of the second spectrum chosen for 
pieces of Iceland spar, joined together |comparison, a nearer approach to an 
by Canada balsam in such a way that | accurate measurement of the total in- 
only one of the two rays, into which the} tensity may be reached ; but since only 
beam is divided, passes through it.| some fraction and not the whole spec- 
Now, if the light from two equally illumin-|trum is taken, an approximation to the 
ated surfaces is allowed to pass through truth is all that can be obtained. In- 
a crystal of Iceland spar, we see four|stead of comparing portions of th« 
images of the two surfaces, because each| spectra of two sources of light, it is 
beam of light is divided by the crystal.| more simple to look at them through 
If the size and position of the illumin- colored glasses; in both cases only 
ated surfaces are so arranged that the some fraction of the light is measured, 
extraordinary image of one just coin-|and it can make little difference in th 
cides with the ordinary image of the/result, whether certain colors of the 
other, we see three images on looking | spectrum are cut off from the photom- 
through the crystal, but the double image | eter by a diaphragm, or are absorbed 
is, of course, brighter than the other two. | by a colored glass. In a small portable 
The brighter image is really composed of! photometer, designed by Professors 
two images, superposed one on the other, Ayrton and Perry to compare lights of 
and if its two components are of equal! very different intensity and color, such 
intensity, the resulting light is ordinary as electric lights with a sperm candle,the 
unpolarized light. The other twoimages, | brighter light, before falling on the 
composed of polarized light, will exhibit | screen, is diminished by passing throug] 
colors when examined by a thin plate of|a concave lens, whose distance from the 
selenite, or by a plate of quartz, cut at | screen can be adjusted till the intensity 
right angles to its axis, combined with a| of the more or less diverging ray is equal! 
suitable analyzer. The central image /to that from the candle. The two shad- 
will also exhibit colors, when thus ex-| ows are compared first through ruby-red 
amined, if its two components are not of | glass, and secondly through signal-green 
equal intensity; for in that case there| glass. Since the electric are is compara- 
will be a surplus of one kind of plane-/ tively richer in shorter waves than the 
polarized light over and above that re-| candle flame, the shadow comparison is 
quired to neutralize the other kind. | more in favor of the electric are with the 
The lights are therefore adjusted, until! green glass than with the red. Messrs. 
an observer, looking through the instru- | Ayrton and Perry do not give the mean 
ment sees the central image white, while | result as the relative illuminating power 
the two side images are colored with | of the are and candle, but admitting the 
complementary colors. The two lights|impossibility of truly comparing two 
are then of equal intensity. In this form | different colors by eye, give both results 
of photometer, it is essential that the|as indicating the relative intensities of 
two lights should be of the same color / the two sources of light for the particu- 
exactly, otherwise the color changes of| lar light waves severally transmitted by 
the polarized light are valuless as indica-| the two colored glasses. 
tions of intensity. This objection to the | aoe 
instrument has prevented its adoption} Tyr second 80-ton gun for the turret 
for testing the illuminating power of gas| has been successfully landed at the 
by comparison with a standard candle. | Admiralty Pier, Dover. 
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From the Papers of the Pi Eta Society. 


In the construction of trestle bridges 
asa means of quickly repairing a break 
in a railroad, due to the burning or fail- 
ure of a permanent structure, the best 
practical skill and ingenuity of our pro 
fession are in demand. Little informa- 
tion can be obtained from books on this 
subject, and only that far-seeing judg- 
ment and quick perception which consti- 
tute the shrewd practical man are of any 
value in such an emergency. The object 
is to do all that is required, often having 
little with which to do it. To remove a 
mass of earth in case of a wreck, to plant 
mud sills and to carry forward the car- 
penter’s work with such rapidity that, by 
the time the ground is cleared, an entire 
line of trestles is ready for erection, is a 
requirement difficult to comply with. 
Little care can be given to the preparation 
of the timber. A builder’s level and a 
tape measure in the hands of the one in 
charge, with cross-cut saws, squares and 
plumb lines, comprise the necessary in- 
struments and tools for the work. To 
begin the work, project an approximate 
center line of the track over the break, 
and on this drive pegs a panel distance 
apart to locate the base timbers, or “mud 
sills,” as they are usually called. If the 
structure is to be more than one story 
high, assume the height of the first story, 
giving attention to the lengths of the 


timbers so that they will work economic- | 


ally, and not be wasted in cutting. Take 
the greatest pains in planting mud sills 
to make them firm and level, otherwise 
there will be no end to trouble, both in 
construction and subsequent settling ; at 
the same time be regardless of their 
relative height, but adjust that matter in 
the lengths of the verticals. By establish- 
ing a straight edge on the embankment 
at one end of the track parallel to the 
track grade, and at the height of the first 


story, an observer stationed there can | 


range along the entire work, and separ- 
ately, for each bent designate the heights 
of the upper cap surface above the mud 
sills by means of a level rod held thereon, 


or what is better, a straight stick lifted 
vertically to line of sight and the proper 
lengths cut off to serve as a measure. 
Each vertical will have its lenyth less the 
thickness of the cap stick and surface 
sill for its respective bent. 

Thus the work is distributed over the 
entire break. Each bent should have 
from two to eight verticals, the number 
depending upon the width and height of 
the structure. Care should be taken to 
have all the timbers squarely sawn 
and the cap sticks, perhaps the surface 
sills also, securely fastened to them be- 
fore the bent is raised, as it can then be 
best “ squared” and the bases “scribed 
in.” Commence erecting the bents as 
soon as any two consecutive ones are 
framed, securing a connection with the 
embankment as soon as possible, that the 
stringers may be run out and a portion 
of the track placed in working order, or 
another story added, as the case may be, 
and all hands be constantly employed. 
With due care in framing, all the cap 
eticks will have nearly the same height; 
however, any slight differences existing 
produce no serious inconvenience, as the 
stringers may be “sized on,” that is, 
worked down at the bents where the cap 
sticks are most elevated until they rise 
evenly on each. Should a cap stick be 
exceptionally low, a piece of timber of 
the required thickness may be spiked on 
to it and the stringer notched or worked 
into this. Wedges should not be used 
for this purpose, as they are liable to be 
jarred out. Having done all this, it will 
be found that the stringers are not quite 
parallel to the road grade, but have small 
inequalities; this is obviated by working 
the sleepers to the required thickness. 
If the trestle is to be only for temporary 
use, an additional width should be given 
it, and the cap sticks have at least a 
length of twenty feet for a road of single 
track. On these the lower chords of the 
| bridge, which is to replace the temporary 
| structure, may be placed the trusses as- 
'sembled, and in order not to impede the 
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traffic while the cross girders and braces 
are being placed underneath the track, 
it may be bodily lifted and blocked up, 
to be lowered again when everything is 
in readiness, and the bridge swung. 

Care must be taken to brace every part 
of a trestle. A system of horizontal 
braces between caps is desirable, as it 
serves to take up lateral oscillations, 
which tend to throw the track out of 


line—a thing to be closely guarded | 


against. This difficulty is increased if 


the foundations are bad, and no subse- | 
quent work will entirely remedy it, the | 
only alternative being to line up the) 
track. Therefore, look well to the foun- | 
Any ordinary soil is sufficient | 
if well drained and the sills placed below | 


dations. 
frost. If partially dry quicksand is en- 
countered, an excavation can be 


gravel. 
oozy and mucky ground by placing a few 
inches of sand in the excavations. The 


object secured was the prevention of | 
water being forced out during the pass- | 


age of a train, to be returned by the 
pressure of the atmosphere. 


complicated. Any obstruction causes a 
disturbance of the water, and if the 
bottom is of a yielding character, a 
scouring action takes place. However, 
trestles may be protected against this, 
even in wide and turbulent rivers by 
taking the proper precautions. I will 
first note the difficulties, then give a 
remedy. I cannot enter into all the de- 
tails of the subject, but will give some 
facts which I have observed in regard to 
the drifting of sand, due to the mechan- 
ical action of flowing water, a description 
of which was made in a report to the U. 
S. Engineer Department some time dur- 
ing last September. The water in flow- 
ing rivers does not move forward in 
horizontal layers, as many writers have 


made | 
and the bottom covered with a foot of | 
I have obtained good results on | 


As regards | 
5 
trestles in flowing water, affairs become | 


| for any considerable portion of the river, 

there will be no scour nor fill, as the ma- 
terial carried forward will be replaced 
by other material from above, the quan- 
| tity depending, in a great measure, on the 
velocity and volume of the river, and in 
its movement, being governed by the 
same process as the flowing water, viz., 
| gravity and resistance due to friction on 
the bottom, giving it a rolling motion. 
Just in what manner the water acts on 
ithe bottom of the river is unknown, but 
some of its results have been determined. 
During a series of discharge and sedi 
ment observations made on the Arkansas 
River, at Pine Bluff, extending over a 
period of six months of last year, great 
care was given to a study of this subject, 
and the rolling motion of the bottom to 
a variable depth was discovered; this 
depth was never less than five inches at 
extreme low water, and in high water 
'was greatly increased. It was found 
that the movement partook of the form 
of sand waves, sloping gradually upward 
and abruptly downward in the direction 
of the stream. 

These waves traveling at an average 
distance of 224 feet apart during low 
| water, represent the successive forms of 
| rolling sand. The long inclines are 
| scoured off, drifted over the crests and 
| deposited, there to remain until the en- 
| tire wave passes over, to be again picked 
‘up and deposited as before. By careful 
| observations, the contents of this moving 
| volume were measured from day to day ; 
it was found that in very low water and 
|in a mean current the sand waves had a 

height of only ten inches and no percep- 
'tible movement, but with a slight rise 
| they would start forward and the volume 
| discharged seemed to have a ratio to the 
| discharge of water. During thirty-five 
days at Pine Bluff, from June 10 to 
| July 15, 1879, the discharge of sand and 
| of water had a ratio of one cubic foot of 


said, but is continually revolving in| the former, to 440,000 cubic feet of the 
vertical curves, impinging against the latter, and these observations taken at 
bottom, then coming to the surface) the time of very low water, showed this 
loaded with sand and again descending; | volume to be smaller than that carried 
in fact, simply rolling, propelled by | entirely in suspension, both in bulk and 
gravity and revolved by reason of con-| weight. I have no doubt the ratio would 
tact with the bottom. Its mean velocity | be enormously increased in time of flood, 
is, perhaps, measured at mid-depth or a|but unfortunately there was no high 
little below. | water during the time of the observa- 

Now, if the mechanical action of the} tions, to give opportunity for experi- 
flowing water on the bottom is uniform | ments, but I know that waves five or six 
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l 
feet in height were incidentally found at | 
a stage of 18 feet above low water, where 
the maximum high water stage was 30 
feet. 

I have thus called your attention to 
bottom drift in alluvial rivers, in so far 
as it relates to our subject, but the in- 
vestigations which have been made to 
determine the above facts, would be un- 
necessary. 

From this it can be seen that low 
water is the only condition in which the 
bottom of an alluvial river is sufficiently 
quiet to permit of a trestle being placed 
in it, but this once done, there remains 
only to protect it from the scouring ac- 
tion of the water, occasioned by even the 
smallest rise. 

First, the trestles should be made of 
piles well driven down, to insure stability 
(although in a navigable river this might 
ruin navigation), and located in a wide | 
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shallow crossing, immediately after a 
sudden fall of the river, before the high 
water deposit has been scoured out. 

Mattressing should accompany the 
trestling, so that when the latter is 
finished, the bottom of the river will 
have a brush carpet from shore to shore, 
extending above and below the trestles 
at least fifty feet. 

The mattresses should not be over a 
foot thick, the size varying according to 
the depth and velocity of the water, and 
the cireumstances under which the work 
is done. Usually, a large mattress would 
be preferable to a smaller one, as the cost 
per foot is less, and under favorable cir- 
cumstances it might possibly be woven 
continuously from shore to shore, the 
whole work consisting of one piece, in 
which case the amount of small stones 
necessary to hold the work in place until 
it should fill with silt would be very small. 


AND OBSERVA- 


STATE RAILWAY 


INSPECTION SERVICE. 


By S. W. ROBINSON, C.E., Prof. Mech. Eng. State University, Columbus, 


Ohio; Member of the Board of 


Inspectors under the Hon. H. Sabine, Commissioner of Railroads and Telegraphs. 


Trunk and other Lines.—In Ohio, as 
well as in at least two other States, 
there appear to be two classes of rail- 
roads,—first, the great trunk lines con- 
necting the West with the East, and, 
second, those having largely or alto- 
gether local interests. The former are 
most likely to run east and westward, 
while the latter run mostly north and 
southward. Strong companies control 
the former, while the latter often fail to 
pay well enough to keep up repairs. In 
many instances a weak company sells its 
interests to a stronger, when the former 
causes a general need of repairs. The 
strong company or trunk line then 
puts the road into good running condi- 
tion, sometimes to form part of a 
through line, sometimes a branch, and 
sometimes to form a tributary to it. In 
this way a road of secondary importance 
may be kept up to good running condi- 
tion, while otherwise it would go down. 

Whatever may be said against consol- 
idation of railroads, it appears to be a| 
fact that roads owned by strong and_| 
wealthy companies are in far better con- | 
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dition than otherwise. Indeed the gen 
erally good condition of the great trunk 
lines and of their branches is a credit to 
those companies. If these roads are 
backward in some things, such as intro- 
ducing the best systems of “signaling,” 
“blocking,” and of “ interlocking appara- 
tus,” they are certainly up in other mat 
ters, such as steel rails, iron bridges, &c. 
Sufety.—A little attention to railroad- 
ing will suffice to show that safety in 
railroad travel is the price of incessant 
vigilance. That a stretch of three hun 
dred miles, extending across a state is, 
every foot of it, perfectly safe to-day, is 
not proof positive that it will be so to- 
morrow, though the broken rail or washed 
culvert is the subject of constant search. 
Protection of Railroad Structures.— 
The life of railroad plant is not great. 
New roads, with iron rails and wooden 
structures, will need renewals for the 
most part within ten years. Rails en- 
dure according to traffic, and for light 
traffic will run ten years. Ties will rot 
out in from five to eight years. Culverts, 
cattle guards, &c., about the same. Good 
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wooden bridges, when new, will be dan- 
gerous in ten years unless covered. If 
covered at all it should be done within 
two years after building, otherwise the 
timber becomes affected with dry rot at the 
the heart. This decay might perhaps better 
becalled blind rot, becauseitishidden. A 
wooden bridge, nicely covered and paint- 
ed, may appear to be in the best of con- 
dition, but really be in the very worst. 
Joints in the lower chord of such bridges 
are seen to be pulling out by the locks 
splitting off. In such cases, when the 
timbers are sounded with a boring bit 
the latter \ ill find sound wood for two 
or three inches, when suddenly the bit 
may take a jump of four or six inches 
through a dry rot hole. Such well-cov- 
ered and well-appearing bridges are 
found not to have been covered under 
about three years after building. Equal- 
ly good uncovered bridges, even better, 
ten years old, have been found than 
those of equal age, well covered, in 
which the covering was delayed three 
years. It appears that after three years 


of exposure to open weather, a bridge is 


doomed to a life of only about ten years 
covered or uncovered. 

But by prompt covering of wooden 
bridges the life is more than doubled, from 
which it appears that the practice of cov- 
ering such bridges is highly economical. 

It is sometimes the practice to cover 
simply the trusses, and it is necessary in 
“half Howe” or “ pony trusses of wood. 
This leaves the floor system exposed, 
and any sap wood about the floor-beams 
or the stringers is soon eaten away with 
decay. Sap is of but little worth after 
three years’ exposure, even when free. 
But heart wood is often perfectly sound 
at ten or fifteen years. Sap wood is so 
comparatively worthless that some en- 
gineers specify that not over eight per 
cent. of section of timbers shall be sap. 
It is an excellent precaution to thus 
limit the sap wood, because it is practi- 
cally of no value. In existing bridges 
sap wood rot has reduced the section of 
chords, as estimated, from ten to twenty 
per cent., the remainder being sound. 
Uncovered flooring should, therefore, be 
watched, and when the beams are found 


weak, as by observed excessive deflec- | 


tion, new beams should be added. 
Painting is an excellent practice, and 
its power for prolonging the life of wood 
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is not confined to free or external sur- 
faces, but internal as well,—that is, to 
illustrate, lower chords have been ex- 
amined where the wooden “ clamps and 
keys” were laid in white lead, or some- 
times in red lead, and such are sound and 
strong to a greater age than unpainted. 

A close joint in wood, where exposed, 
is far worse than open joint of small 
space sufficient for air to pass. From 
this fact it appears that wood contacts 
have been avoided by using iron “ clamps 
and keys” in lower chords. Some en- 
gineers make iron clamps or blocks with 
a space for ventilating between wood and 
iron, the bearings being quite narrow. 
These have given good results, and point 
to the value of ventilation. 

As to ventilation in general, all cover- 
ings should leave the main bridge tim- 
bers free for air to circulate about them. 
For instance, the boarding along the 
sides of trusses should be firred out by 
girt strips being nailed to the truss 
along the braces above the lower chord 
and below the upper chord, and not on 
the chords themselves. Then, when the 
boarding is nailed upon these girts, it 
stands out free, so that air can freely go 
all about the chords. 

In some instances chords have been 
found covered with tin, the same being 
fitted about the braces and nailed to the 
chords, so as to appear like giving pro- 
tection to the chords beneath. But this 
is believed to be worse than no covering 
whatever from the simple facts that, first, 
water will work in at the numerous 
joints, and, second, be held there by the 
tin covering. If the tin could be car- 
ried away from the wood by a 2” space, 
the latter being allowed for ventilation, 
it will serve a good purpose when it is 
made tight. These conditions are read- 
ily met in “ combination” bridges, that 
is, in such as have wood upper chord 
braces and end posts, but with iron ties 
and lower chords. The upper chords 
are readily covered with tin, because 
nothing protrudes above to prevent. 
The braces, or vertical pieces generally, 
do not need covering, as it is found that 
the wet so rapidly escapes as to leave the 
braces soon dry. 

Special pains should be taken to keep 
| wet out of close places in wood. For in- 
' stance, in deck bridges (Howes), water is 
‘apt to leak through the roof, as it is 
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difficult to lay a roof among the ties, 
floor beams, string, &c., in the floor sys- 
tem and get it tight. In such cases the 
sway braces are apt to carry the water 
which falls upon them down upon the 
lower chord. This has been avoided 
very neatly, cheaply, and efficiently on 
the Lake Shore and Michigan Southern 
Railway, by making a saw cut across the 
top and edges of the sway braces, and 
driving in a collar of sheet iron or tin, 
which extends down like spurs below, 
and thus heading off any water which 
may find its way through the floor or 
roof above, and alight upon the sway 
brace to come trickling down upon the 
lower chord. 

But though tin may be suitable to 
cover upper chords as above explained 
with reasonable durability, yet as a main 
roof covering over the tops of Howe 
bridges it appears to be utterly worthless, 
for the reason that the sulphurous fumes 
of the smoke from the locomotive soon 
eats the tin roof through like a big pepper- 
box lid. Indeed this action upon iron 
has been observed upon heavier masses 
of iron than tin; the truss rods even 
having been observed in badly rusted or 
pitted condition, with a weakening of 
probably five to ten per cent. The latter 
has been observed to be most serious in 
low lands, such as would be frequented 
by fogs. The moisture of the latter de- 
posits upon the rods and absorbs the acids 
of the smoke. The iron is then etched 
more or less seriously. Rods for such lo- 
calities should be made with some excess 
of section to provide for the corrosion. 

Wooden Bridges.—The prevailing 
wooden bridge is the Howe truss. It 
consists, as generally put up, of an upper 
and lower chord, connected by vertical 
tie-rods running through with nuts at 
both ends; the latter dividing the span 
into panels containing braces and counter 
braces. The chords usually are made of 
four sticks, side by side, with blocks or 
“keys” notched in, but leaving a space 
between all the sticks. Chord bolts run 
through from side to side of chord to 
draw all together. In short chords the 
sticks run from end to end. But for 
lengths greater than about forty feet, 
pieces are put in so as to break joints. 
In upper chords these simply abut against 
each other, but in lower chord clamps are 
used to make tension splices. These 


387 


clamps are generally of oak wood, and 
preferred by some builders of the first 
and by some of the second form in Fig. 
1. Sometimes only one is used to a 
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Figure |, 


splice, as shown, but more often two, one 
on each side of pieces joined. A chord 
bolt goes through near each end of a 
clamp. The earliest point of failure in a 
wooden bridge is at the locks of these 
clamps, either on the clamp itself or on 
the interlocking hooks of the chord. 
Two of these splices are never found op 
posite in a chord, but break joints, so as 
to allow one joint to each panel. In this 
way the so-called keys help to form the 
splice. There are alwaystwo main braces 
and one counter brace between in each 
panel. The former always incline toward 
the middle span point. In moderate 
spans there are always two tie-rods at 
each inter-panel point, but in long spans 
there may be three at the ends of truss. 
The largest of these rods are 2” in di- 
ameter ; almost always threaded without 
enlargement of ends. These ties draw 
against straps on the outside of the 
chords, running from 1’’x 5” down to 
+” X 3” in section, gnd long enough 
to extend the width of the chord. The 
braces almost always set square against 
iron angle blocks. The best of these 
blocks have flanges to prevent the braces 
from falling out of place. These blocks 
are often found broken, but the breakage 
is evidently due to carelessness in draw- 
ing up the tie rods too tight upon the 
braces, because on some roads these 
breaks are very numerous, while on 
others the same make of blocks are 
never found broken. Road masters say 
they find difficulty in getting men to draw 
their ties up properly upon the braces. 
The depths of these trusses vary. 
Short spans, or “pony” trusses, some 
times also called half trusses, run from 
about eight to twelve feet height. Full 
trusses for longer spans are usually 
about twenty feet. The smaller trusses 
have about three or four floor beams per 
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always rest upon the chords. 


panel, while the larger have five. They | Through bridges of wood have no 
i“sway” bracing. 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 


chords of the 


The 


When wooden bridges show signs of | trusses are from 24" to 30’’ in breadth, 
and the floor beams extend entirely over 


failure the speed of trains is often re- 


duced till a remedy is applied, either in | 
‘thord in 


strengthening the bridge or by renewing 
it. Two ways of strengthening a lame 
bridge are in use. One 
springing a wooden arch from the abut- 
ment, usually from iron skewbacks,placed 
about six feet down, and rising at mid- 
span nearly to the tops of the trusses. 
Each case requires four arched ribs, one 
on each side of each truss. From the 
arches the trusses are suspended by 
rods. But this method is too expensive 
for an old bridge; it is more common for 
a light bridge otherwise good. The 
second way to doctor the bridge, and 
which is very common for old bridges, is 
to put a trestle bent under at the third 
or quarter span. A pile bent is some- 
times used instead of a trestle bent. 
The objection to placing the bent at the 
middle is the fact that the counter braces 
near the middle in that case become main 
braces. Some less considerable road 
masters place the doctor at the middle, 
however. But as the carrying power of 
a truss varies inversely as the square of 
the span, other things being equal, it 
appears that the strength of a bridge 
is nearly doubled by placing a support 
at the one-quarter point. Such trestle 
bents are carefully watched to guard 
against washing out by the stream. In 
high water such a trestle bent is a 
treacherous affair, a pile bent being far 
preferable. 

The lateral bracing in bridges is almost 
always about the same, viz., about 6x6 
braces and 1}’’ tie rods, and the same 
from end to end of bridge. These are 
usually in the plane of the lower chords 
and also upper. No difference is made 
in the strength of the lateral bracing, as 
far as observed, for straight or curved 
track, though it is certain that the cen- 
trifugal force of a train running on the 
curved track over a bridge will give cause 
for lateral thrusts, which are considerably 
greater than for straight track. 


consists of | 


to the outsides. This keeps the lower 
position. The braces cover 
about the whole width of the chords, so 
that the trusses are quite stable in erect 
position. 

Deck bridges always have sway brac- 
ing, but in some cases much stronger 
than others. Where several spans of 
wood bridges are contiguous, in som« 
vases both or al] are made continuous 
from span to span. In other cases only 
one chord will be continuous. Diagrams 
taken, as hereafter explained, have shown 
that in continuous two-span bridges an 
appreciable rise of the second span 
occurs when the train gets fairly on th 
first. 

Iron Bridges.—The prevailing form 
of iron bridges is the Pratt truss for long 
spans, and for short the plate girder. 
The change from one form to the other 
occurs usually at lengths between sixty 
and a hundred feet. These statements 
apply more definitely to recent practice 
than former. The older iron bridges are 
very promiscuous, both as regards form 
and manner of putting together. Some 
of the first iron bridges in the State were 
Howe trusses, one of which went down 
in the Ashtabula disaster. But in place 
of the latter we now find what is prob- 
ably the strongest iron Pratt truss in the 
State, so that people need not now go 
around Ashtabula to avoid a second ca- 


| tastrophe. 


One ele- | 


ment of compensation, however, exists in | 
the fact that bridges under curved tracks | of manufacture, and is used in all parts 
are usually wider, so as to allow equal| of bridges except upper chords and struts 
clearance room, and this gives wider | or columns. 


The parts of truss bridges were for- 
merly united in various ways, sometimes 
by bolts, notches and locks, and often by 
riveting in place. But at present the 
method by pins and eyes prevails, espe- 
cially for the longer trusses. In upper 
chords, however, though the tie rods are 
usually attached by pins, yet for increas- 
ing the rigidity they are made continuous 
by riveting on splice pieces extending 
past the pin holes. The forms of parts 
of bridges, as well as the methods of 
joining, are almost as though stereo- 
typed. Thus the “eye-bar” is an article 


lateral trussing. Trusses are not foundin-| Upper chords and end posts are most 
clined on account of curves on the bridge. | frequently made of two channel bars, 


, 
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twelve to eighteen inches apart, with 
webs vertical. They are joined on top 
by a longitudinal plate extending the 
whole length and riveted to the flanges, 
while the bottom side is latticed or 
“Jaced.” “Webb” members serving as 
struts are most frequently composed of 
two channel bars at a distance apart, and 
connected by diagonal lattice slats riveted 
on. Sometimes, however, the two chan- 
nel bars are riveted by their webs to the 
flanges of an I-beam. Formerly Pheenix, 
Keystone, Box and other columns, nearly 
or quite closed, were much in use, but 
they appear to have given place almost 
entirely to such open columns as above 
mentioned, simply from the necessity ex- 
perience has developed of painting every 
inch of surface in iron bridges. 

Most engineers require forms such that 
a paint brush can touch every part, either 
inside or out. The advantage of this is 
seen from the fact above mentioned of 
the rusting of truss rods and of tin roofs 


from moisture and smoke. The state- 


ment also, which has come to my notice, 
that tons of rust have been removed from 
tubular bridges, is in point. 


Floor-beams, made by riveting four 
angle bars upon the edge of a plate—two 
upon each edge at opposite sides—are 
the most common. The section approach- 
es that of the eye-beam. Plates are 


often riveted on top and bottom, part of | 


the length, to increase the strength at 
the middle part where the moment of 
strain is greatest. These beams are most 
frequently suspended from the pins of 
the trusses by inverted “ 9 ” bolts. 


But | 
when there is scant room below a bridge | 
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met in which the upper flange or chord 
was arched so as to nearly join the lower 
chord at the ends. Vertical stays of 
angle bars are riveted to the web through- 
out these girders, but nearest together 
at the ends, their object being to prevent 
the buckling of the webs. Most usually 
the two girders of a bridge are joined by 
riveting to the floor beams, so that all 
forms a connected system. An angle 
plate then is set between the floor beams 
and girders, to prevent the latter from 
swaying or careening. 

But on some roads many of the plate 
girders have wooden floor beams; the 
latter sometimes resting directly upon the 
lower flanges, and sometimes on angle 

'bars riveted to the girders. A neat and 
serviceable small bridge, where there is 
sufficient water-way, consists of plate 
girders, about ten feet apart, with lateral 
and sway bracings, and upon which are 
mounted the wooden floor beams. This 
plan is carried down to I-beam girders of 
ten feet span or less. 

In a few instances weak iron bridges 

| have been strengthened by springing iron 
arched ribs from the abutments, com- 
posed of channel iron, and securing the 
same to the trusses of a suitable number 
of points. 

At the present day many good iron 
bridges are found to be too weak. This 
is due not to any engineering defect, but 
to the growth in weight of freight loads 
and rolling stock. We now find sixty- 
ton locomotives where formerly there 
were forty; and twenty-ton loads per 
car where there were ten. Hence bridges 
designed to a strain of 10,000 pounds 


for water way or otherwise, they are in| per square inch of iron section, as due 


some ¢ 

The stringers are most frequently of | 
rolled I- beams. 

The lateral stiffening is much better at- 
tended to in iron bridges than in wooden 
ones. 
size, from end to middle, but differ in 
size according to span, width, &c. There | 
is generally a lateral system at both the | 
bottom and top chords. 

Plate girders are usually formed by 
riveting angle bars to the sides of the 
webs, top and bottom, then across these 
a flange. The latter is increased by ad- 
ditional “ lifts’ laid on the middle por- 
tion. These plate girders are usually of 
uniform depth, though some have been 


The lateral ties not only vary in| 


-ases riveted to the vertical struts. | to the former loads, must now stand 15,- 


000, cr perhaps more. This is _unfor- 


tunate, since an iron bridge is so difficult 


|to strengthen in a satisfactory manner, 


jand so difficult for the road men to get 
renewed. 

Expansion and contraction of iron 
bridges is provided for in supporting 
| one “end on rollers. In short spans, 
| however, rollers are dispensed with, and 
\the bearing plates slide. Often the ob- 
served expansion reported by bridge at- 
| tendants does not account for the whole 
I variation of length, even where rollers 
are inuse. It is believed by some that 
the rolling resistance under so much 
weight is so great as to spring the piers 
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where piers are tall. Thus it appears 
that strains, due to constrained expan- 
sion, may be too great upon chords to 
be ignored in calculating total strains. 

Strains under Maximum Loads.—In 
proportioning the parts of bridges for 
resisting their strains, a great variety of 
detail exists in the present practice. We 
find no “live” bridge engineer of to-day 
adopting a fixed maximum load per foot 
for all spans, even for the same road and 
the same trains; neither do we find the 
same fractional part of the ultimate or 
elastic resistance of the iron adopted for 
the allowable strain for all parts of any 
one bridge. The factor of safety is “:¢ 
thing that was” to such an engineer. 

In the first place the quality of the iron 
is allowed to differ for different parts of 
bridges. Tension members are never 
made of anything but “double-refined” 
iron, that is, iron that has been double 
rolled. This consists of taking “ muck- 
bars” (the result of first rolling from 
puddle blooms), cutting and piling them, 
reheating to a welding heat, rolling into 
bars, then cutting, piling, and reheating 
again, when they are rolled to the needed 
sizes. Compression pieces are single re- 
fined, in which the last piling and rolling 
above described is omitted. Channel 


bars of columns and upper chords are , 


thus treated. 

A: fair quality of double refined iron in 
bars should have a tensile strength of 
50,000 pounds per square inch ; an elastic 
limit of 26,000 to 30,000 pounds per 
square inch; should stretch fifteen per 
cent. in eight inches; bend 180° around 
a cylinder of diameter equal its thickness 
without fracture; and when knicked and 
broken should show a fibrous structure. 
Such iron in the regular truss tension 
members is usually allowed to be strained 
to 10,000 pounds per square inch for the 
maximum load. In some cases floor 
beams are allowed 8,000 pounds only, 
because they are strained nearly to the 
maximum allowed for each passage of 
load. This is true of floor beams, be- 
sause the greatest load occurs when 
under the drivers of the locomotive. In 
the main truss, however, the maximum 
strains are only reached when the whole 
train is up to the maximum, a condition 
which does not happen with every train. 
The 9 shaped hangers for floor beams 
are usually allowed only 5,000 to 7,000 
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pounds. Struts and upper chords are 
computed as columns, and on a supposed 
basis of about 8,000* pounds square 
inch. This low value is probably partly 
due to the fact of single rolling for chan- 
nel iron. 

Assumed Maximum Load.— In 
culating the maximum strains there are 
two ways of treating the question of the 
maximum load. 

Ist. By adopting the greatest actual 
train weights, such as two of the heaviest 
locomotives, followed by a train of the 
heaviest loaded freight cars; then com- 
puting the strains as static effects to 
which results are added, for ‘“ dynamic 
effect,” 

For spans of about 30 feet... .... .2: 

<6 * 


“e P oe 


cal- 


per cent. 


“é ‘6 


ia ” ‘* 100 and over... 


2d. By assuming fictitious train 
weights which are uniform per foot for 
the span, but which are much the great- 
est for short spans. Thus, for some 
roads on this plan, the assumed load for 
calculating strains is: 
of 10 feet... . .6000 Ibs. per foot 
= - 4000 = 
. 8000 

-2500 

This diminishing scale is to be accounted 
for as providing, first, for impact; the 
latter being greatest for short spans, 
because so much more quickly passed by 
the forward end of a train, and causing 
an application of load which is so sudden 
as to be of the nature of a blow; and, 
second, because short spans have the 
locomotive itself for the maximum load, 
while longer spans can only be covered 
by adding to the one or two locomotives, 
some portion of the train. 

Crystallization of Iron in Bridges.— 
As regards the deterioration of iron in 
use by crystallizing, there are differences 
of opinion and two few facts. One man 
will present evidence of crystallization, 
while another will produce equally good 
evidence against it. It appears that data 
are too uncertain. When rods taken 
from a bridge are found to be crystalline. 
it is not known whether they were not 
so when putin. But this matter will be 


For spans 
se ae 40 
150 * 
“oe ~ 


“é se 


* By arational formula for columns, published by 
the writer since this paper was presented to the 
Society, it is shown that this value should be but a 
| little over 6000 pounds. (See Van Nostranp’s EN 
GINEERING MAGAZINE, for June, 1882.) 
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settled in a time, because positive data | 
now exist as to the condition of iron in 
existing bridges. When the future en- 
gineer shall examine the parts of these! 
bridges, and compare notes with the for- | 
mer records, we shall know how about | 
erystallization. 

Steel Bridges.—We are now at the| 
verge of a steel bridge era, several im- 
portant steel bridges “being already built, 
and in process of construction. The 
most important mechanical difficulty in 
this direction is already overcome in the 
existence of machinery, for the manufac- 
ture of solid steel eye bars. Steel is in 
every way better fitted for bridges than 
iron. It is less subject to deterioration, 
becoming more uniform in results of 
manufacture, has an ultimate strength of 
nearly double that of iron, and an elastic 
limit from two to three times as high. 
Considering the strength, it is but little, 
if any, more costly. This step from iron 
to steel is but the natural course from 
vast-iron up, which latter material is now 
entirely abandoned as a material for 
bridges, except for unimportant members, 
such as wall plates, packing pieces, etc. 

Sway Bracing.—In both wood and 
iron bridges ‘“‘sway” bracing is univers- 
ally employed in deck bridges. But 
such bracing is held in doubt by some, 
except at the ends of the bridge, where 
it should be especially strong. The 
reason given for this belief is that where 
one truss receives a greater strain than 
the other from any such cause as wind 
against the train, train at one side, as in 
double- track bridges, curved track, etc., 
the truss should be allowed to remain in 
a plane. But the sway braces preserve 
the cross section, so that if one truss de- 
flects more than the other, each truss 
must careen to one side to some certain 
corresponding extent at the mid-span, 
but not at the ends, because here the 
solid abutments prevent. This forces 
the chords laterally out of a straight 
line, causing horizontal transverse strains 
upon them. The eye bars on one side of 
the lower chord would, under these cir- 
cumstances, be strained more than those 
on the other side, an inequality which 
would disappear in the absence of sway 
bracing. Not only would the main 
trusses be affected, but the lateral brac- 
ing at top and bottom would be strained 
unduly, and probably higher than pro-| 





vided for in the oversight of this matter. 

The old Ashtabula bridge was an iron 
deck, and who can say to what extent the 
sway bracing were responsible in the 
failure of it ? , 

Though the one consideration of 
greater flexibility of cross section seems 
to favor the omission of sway braces, in 
| that we thus obtain freedom from stresses 
in one system of bracing as due those in 
another system, yet it is probable that 
the yielding cross section will allow the 
train, while under wind pressure, to be 
forced to a greater inclination toward the 
leeward, thus causing a probable greater 
displacement of the center of gravity of 
train toward the leeward truss, and in- 
creasing the strain on the latter. 

Vibrations and Strains.—In observ- 
ing the deportment of a bridge as a swift 
train passes over, the parts are seen to 
be much agitated. Tie rods will often 
fly about at the middle parts to a very 
considerable extent. This has evidently 
received some attention by engineers, 
because in a few instances tie rods at the 
crossing points have been found tied 
together apparently to stop vibrations. 
That all such vibratory movements cause 
direct strains in the vibrating parts there 
can be no doubt; and it is unfortunate 
that these vibrations cannot be pre- 
determined so that the strains resulting 
from them can be calculated. Could 
these be accurately determined, it is 
probable that the practical maximum 
working stress for bridge iron in tension 
could be safely raised from 10,000 pounds 
per square inch to 15,000 pounds; a 
margin being still left between the latter 
figure and that for the elastic limit for 
indeterminate strains due to such move- 
ments as considered below. 

Lurching of the Bridge.—In some 
cases the whole central part of the bridge 
is also in an agitated condition, both 
vertically and horizontally. There seem 
to be various causes for this, such as 
want of perfect balance in the drive 
wheels and connections, error in perfect 
alignment of rails, especially in the verti- 
cal plane, wandering of the wheels from 
side to side over the 1"’ to 14”’ of clear- 
ance between flanges and rails, irregular- 
ity of curves on bridges, tangent points 
on bridges, ete. In some cases this 
seems to amount to an oscillatory or 
vibratory movement of the whole bridge. 
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A Bridge Indicator—In order to 
study these effects more satisfacto- 
rily, as well as the “dynamic effect” 
of a moving train upon a bridge, 
an instrument has been devised which 
might be called a bridge indicator, the 
object of which is to give a graphic rec- 
ord of the movements of a bridge as a 
train passes it. A rude affair of the 
kind has been used with results given 
below. In this case a bridge near 
Columbus, Ohio, was chosen as the 
subject of experiment with the instru- 
ment, it being the only one yet experi- 
mented with. This particular bridge wasa 
“pony,” or “half Howe” truss, of two 
spans, both upper and lower chords be- 
ing continuous over the central pier. 
Each span is 60’ 6” long, with a total 
depth of truss of 8’ 9’’. The chords are 
of three timbers, 5’’, 10’, and 5’’x12” 
in section for the lower, and 5’’, 10", 
and 5’’x9" for the upper chord. Main 
braces are 6'’ x8’’, and counters 6’’ x 6” 

The upper diagrams of 1, 2, 3, X&e., 
were all taken at the middle of the 
west span of the bridge. The lower 
diagrams, of the same numbers, were 
taken at the middle of the west half 
of the west ‘span. Thus, any two 
diagrams under one number were taken 
simultaneously, the upper at the mid- 
dle and the lower at the quarter of 
span. 

The track on this bridge was straight, 
except at the west end, where ten feet 
belong to a curve of about four degree. 
Thus, a tangent point lies in about ten 
feet from the west end. The object of 
placing an indicator at the west quarter 
of the bridge was to observe the effect of 
this tangent point. 

A description of the instrument will 
aid us toa better interpretation of the 
diagrams. At each point for taking dia- 
grams a wooden board, dressed smooth, 
was secured to the bridge firmly at one 
truss. The plane of the board was ver- 
tical and perpendicular to the line of the 
truss. A paper was secured to the board 
by thumb tacks for each diagram. Upon 
these sheets while thus tacked to the 
boards the diagrams were made. At the 
midspan the paper faced toward the east, 
while at the west quarter it faced toward 
the west. From the ground beneath the 
bridge a stand was built of timbers and 
brought up to where a pencil could be 
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firmly held by it, and in such position as 
to lightly touch the paper tacked upon 
the board secured to the bridge, as above 
described. Under these conditions a 
movement due to the yielding of the 
bridge in any manner would be indicated 
by a mark of the pencil upon the paper. 
A vertical deflection of the bridge would 
make a vertical mark equal in length to 
the deflection. Also a horizontal move- 
ment would be indicated by a horizontal 
mark, or, finally, any sort of cross mo- 
tion of the bridge at the indicator would 
be evinced by its representative mark. 
In other words, the bridge autographic- 
ally registers allof its own transverse 
movements. 

The same figures would be obtained, 
evidently, if the paper were held upon 
the stand and the pencil upon the bridge, 
except one would be inverted with respect 
to the other. The most natural arrange- 
ment is the latter, and for that reason 
the diagrams are so posed that a down- 
ward motion of the bridge is indicated 
by a downward stroke of the pencil on 
the figure. The figures of the plate are 
enlarged 2.7 times. 

No. 1 was taken at the middle of the 
bridge when a slowly moving freight 


train was passing, drawn by an ordinary- 
sized locomotive. The pencil was held 
on the paper till about ten cars had 
passed going east. The bridge sank 
gradually from A to C as the engine ap- 
proached the middle of the span. But 
as it passed on over, the pencil rose to 
D, and remained there till about five of 
the heaviest loaded cars passed. For the 
lighter cars following, the pencil rose to 
E and remained there for the next five 
cars, and it was then removed. 

No. 2 is for a freight train going west 
at about twenty miles per hour. A is 
the position of the pencil when the 
bridge is at rest. As the engine came 
upon the east span the pencil rose from 
A to the top of the figure, and then de- 
scended again to the bottom as the en- 
gine came over to the middle of the west 
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span where the indicator was located. passenger train of four cars going west. 
Then the pencil rose to the top of the As the train struck the east span the 
open part of the figure when it was re- pencil rose from A to B, but descended 


A “A 
“s / 


Ke 


moved, the engine having just left the as the engine came upon the west span 
bridge. The lower part of No. 2, taken to the lowest point, it then rose to the 
at the quarter, had the pencil in contact heavy markings at the middle. 
longer than the upper part; the heavy 


Finally 
the pencil returned to A. 
YS 


s\ ss ‘ 
WASSER} 


> 


blotch at the top of the lower third oc- No.4 is fora passenger train going 
curring while the cars of the train were west. As the engine came upon the east 
passing. 


span the pencil left the point of rest A, 
No. 3 resulted from the passage of a. rose to B while engine was on east span, 
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went to lower part of figure as engine | 
came on west span, but tinally returned | 
exactly to A as the train left the bridge. | 

No. 5 is for a passenger train going | 


east, four cars. 
lower point as the engine 
west span, then it rose as the second 
span was reached, and finally went above 
A toBas the rear of the train was on 
the east span. But the pencil finally re- 
turned to A as the train left the bridge. 

No. 6. Passenger train, two cars, go- 
ing east at about thirty miles per hour. 
Pencil was removed just as the last car 
passed it. 
the point B. A variety of small move- 
ments must have occurred when the pen- 
cil was about at the middie of the dia- 
gram, thus giving cause for the black 
blotch. 


No. 7 was taken as a pony engine 
passed very rapidly going east. The 
pencil was removedas the engine reached 
the middle of the span. This explains 
why B is missing. The lower part of 
No. 7 is amore simple diagram than any 
of those taken at the quarter, though 
the pencil was not removed till the en- 
gine passed. This is due to the fact that 
the engine was alone. This card gives 


Pencil went down to} 
was on the) 


tING 


MAGAZINE, 
much soas would be naturally supposed. 
They do not add much light respecting 
the influence of the tangent point on the 
west quarter of the bridge. Also the 
relation of the movements of the bridge 
at the two points does not appear to be 
systematic in detail, though bearing a 
general resemblance as above stated. 
Much interest attaching to these dia- 
grams is obscured in the knotted points. 
To remedy this it is proposed to arrange 
a clockwork to carry the paper forward, 


\at a predetermined speed, while the dia- 


This explains the absence of | 


“Seal 


gram is making. Then if the number of 
ears in the train is noted, and if the in- 
stant at which each end of the train 
passes the indicator is marked by a dot 
on the moving diagram paper, we will, 
by knowing the speed of the paper, hav: 
data for miles per hour of train, and or- 


= <2 


ay sit: 


|dinates for every position of train. But 


us a complete loop, the pencil returning | 


to A. 


on the paper we should have two curves 
traced, one for the the vertical move- 
ments of the bridge, and one for the 
horizontal. This would give us the 
means of completely analyzing the ob 
scure parts of the diagrams. 

Simple lurches would be indicated by 
irregular sinuosities without law, while 
for vibrations they would be systematic. 

One drawback to the general applicabil- 
ity of this instrument would be found in 


The diagrams from the quarter point| the inconvenience in erecting the tower 


add: but little interest. 


They resemble | for carrying the pencils. 


As a substitute 


the others both as regards general form | for the tower, it is proposed to throw out 
and in having two points A and B. They |a stone anchor from the desired point of 
are smaller than the others, but not so' application to the bridge, the anchor hav- 
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ing attached a hempen cord or fine 
wire long enough to extend up to 
the point of observation. A_ pencil 
is then to be arranged in aslide work- 
ing freely in vertical guides, to which 
slide the wire is to be attached. A 
spring, quite flexible, is then to draw up 
on the slide making the wire below tense. 
Then as the bridge rises or falls the wire 
causes the slide to remain at a constant 
height, while the instrument and paper 
are vibrating with the bridge. Itis then 
only necessary to place the pencil to the 
paper, and the clockwork in motion, to 
secure the diagram for the vertical move- 
ments. 

The lateral movements are not quite 
so easily provided for since there is need 
of an anchorage at one side on a level. 
It is believed, however, that this can be 
secured in effect by two anchors and 
chords, the latter forming a junction at 
the horizontally opposite point desired. 
To hold them, a tension stand under 
spring action, drawing as a resultant 
force to the two anchor chords, will fix 
the junction point as desired. In case 
of such double anchorage to the lateral 
and vertical, two pencils may be made to 
write on the one sheet or ribbon, and 
thus one clockwork answer the purposes 
fully. 

Such an instrument with conveniences 
for anchorage could be applied to a 
bridge in a few minutes, and inspectors 
could obtain an autographic record of 
the degree of agitation of any and all 
bridges examined. 

Such diagrams would evidently throw 
much light upon the vibratory effects due 
to unbalanced locomotive drivers, and 
indicate whether cumulative impulses 
from such parts of the train ever cause 
dangerous vibrations of whole struc- 
tures. 

Indicated Dynamic Ejfect.—The dia- 
grams presented are not sufficient in 
themselves to serve this purpose fully 
and satisfactorily. Their appearance 
might, however, suggest some amount 
of vibration or oscillation. Referring 
to No. 7, first part, remembering that 
the pencil was removed as soon as 
the engine reached the midspan, we 
observe some evidence of lateral vibration 
as occurring simultaneously with the 
sinking of the bridge. But as to the 
vertical movements, we see almost no 
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‘trace of repetition of any part of the 


movement as would be likely to occur if 
the bridge vibrated in going down, ex- 
cept, perhaps, in a slight degree in the 
loop in the bottom. This loop is about 
one-eighth of the depth of the diagram. 
The lower part of No. 7 indicates almost 
no vertical vibration in any part. Loops 
at the bottom of Nos. 6, 5, and 4, indicate 
vertical vibration, also of about 22, 14, 
and 10 per cent. of the depth of the dia- 
grams respectively. Taking a half of 
these amplitudes as the increase of de- 
flection due to dynamic effect, and com- 
paring with the diagrams diminished by 
the same, we obtain the percentage which 
the dynamic is of the static effect, as 7, 
12, 8, and 6 per cent. respectively, as due 
to the above measurements. Some of 
the lower diagrams give evidence of 
about the same percentages. The mean 
of these percentages is only about half 
what is required by some railway com- 
panies to be allowed for spans of the 
same length, viz., 60 feet. As given 
above in speaking of usual practice in 
this matter, it is about 15 per cent. for 
60 feet spans. But it is always necessary 
to provide not for average, but maximum 
stresses in such cases. Hence the maxi- 
mum 12, is close enough upon the 15 of 
practice. 

Nos. 1 and 2 are both from freight 
trains, and give evidence of almost no 
vertical vibration. Also the total deflec- 
tions, counting from the points of rest A. 
are less for the freight trains than the 
passenger trains in Nos. 3 to 6. If, how- 
ever, we add the above twelve percentage 
of dynamic effect to the deflection in Nos. 
1 and 2, we obtain very nearly the same 
strains as are actually due to passenger 
trains ; and singular enough, as obtained 
in actual practice by computing static 
effect of freight trains and adding the 
stated percentage for dynamic effect. 

These facts, though corroborative of 
the real existence of dynamic action or 
impact, yet at the same time they testify 
to a somewhat excessive allowance for it 
by practical engineers. But before draw- 
ing conclusions in this way for guiding 
us in practice, it is necessary that much 
more extensive data be procured and 
worked up. 

As regards lateral vibration, the first 
two numbers on the plate are narrower 
than the rest, the same being taken from 
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The others are} 


passing freight trains. | 


for passenger trains, except the last one 
from a rapidly moving pony engine. | 
Hence it appears that fast trains cause | 
much the greatest lateral disturbance. | 
The resulting effect upon the lateral 
bracing is a matter of interest. By | 
measurement of the widths of the dia- | 
grams taken at the midspan, it is found 
that the total lateral movement for pass- | 
enger trains is 42 per cent. in excess of 
the like movement for freight trains. 
May not this call for careful attention to 
the subject of dynamic effect upon lat- 
eral bracing? 

Testing and Selecting Material.—In 
the selection of material for bridges, 
great care is exercised by bridge com- 
panies, much greater, indeed, than is 
usually supposed by the mass of people 
who ride over their bridges. Some 
bridge companies make tests of the ma-,| 
terials not specified or required by the 
railway companies ordering. For in- 
stance, the Detroit Bridge Company ex- 
amines all the eyebars for a bridge by 
piling a quantity of them and passing 
the pin through the eyes at opposite 
ends simultaneously. Any bar prevent- 
ing the passage of a pin is thrown out. 
Then the bars are individually tested to 
a tensile strain of 15,000 pounds per 
square inch, and again the pins must 
similarly pass. If any eyebar has stretched 
so as to prevent the passage of the pin 
it is rejected. Such a practice would | 
discover hidden flaws, and would pay if 
discovering such flaws only at the rate of 
one in a hundred bridges. A flaw which 
would probably have been made known by 
such a test was actually discovered by the 
road master of the Baltimore & Ohio, 
Railway in one of his iron bridges, and | 
the piece had to be removed. A first-| 
class catastrophe might have here re- | 
sulted except for the keen eye of the| 
road master. There are those who ob- | 
ject to straining iron going into a struc- | 
ture, especially “bey ond the wor king load. | 
But a test which will discover the few} 
hidden flaws that would otherwise pass | 
unobserved, will probably more than off- | 
set imaginary evils due to strains which, 
though “within safe limits, are somewhat | 
in excess of the adopted working load. | 
Accordingly, this test is believed to be a| 
most excellent one, but of the few bridge | 
companies conferred with in regard to vit | 


| point where this change 


| previous condition of strain. 


| ’ P , 
| by the writer, it has been found in use 
| only in the one instance named. 


All companies do more or less testing 
with testing machines, including pieces 
ranging from small “ test specimens” to 
full-sized bridge members. Tests for 
tensile resistance are by far more plenti- 
ful than compressive, but a good number 
of the latter are on record including full- 
sized bridge columns. It is a quite com- 
mon practice, however, t)» test a piece 
taken from a large bar rather than the 
whole bar itself. Large bars are thus 
found to have a. lower tensile strength 
than smaller rolled bars. 

Testing-machine tests for tension, to 
meet the present demands of bridge 
builders and companies, must make known 
at least three quantities : 

1st. The elastic limit. 

2d. The ultimate strength. 

3d. The percentage of total elongation 
of some specified portion of the original 
bar—usually about eight inches. 

In some cases the greatest reduction 
of section-is noted, and by some this item 
is preferred to the percentage as above. 

As regards the elastic limit, it is found 
not to be perfect, that is to say, some 
permanent elongation is always experi- 
enced by good iron before arriving at 
what is usually adopted for that limit. 
But practically these elongations are 
nearly proportional to the increments of 
load, and extend nearly through the 
whole range of loading up to the so- 
called elastic limit. Beyond this limit, 
however, they rapidly increase. The 
takes place is 
noted as the elastic limit. This limit, 
thus found, is given a more rational 
showing from the fact that, if at any point 
within it, the strain be relieved and then 
restored, no further permanent elonga- 
tion is experienced till after passing the 
At points 
beyond the elastic limit, however, this is 
not the case. An extended examination 
of iron specimens will verify the follow- 
ing facts: 

‘Ist. Bars immediately from the rolls, 
which have not been subjected to jars or 
other causes of strain, will experience 
| permanent elongation at very slight ten- 
sion. This is true also of bars direct 
from the annealing oven, even though 
they had previously been subjected to 
violent mechanical action. In these cases 





there appears to be no limit of perfect 
elasticity. 

2d. A gradually applied and removed 
tension within the usually accepted elas- 
tic limit produces a permanent elonga- 
tion, which will not be increased for like 
or less tensions as above stated. This is 
also true of compression. 

3d. A specimen which has been 
strained, as indicated in 2d, will take a 
permanent set for a slight reversal of the 
strain. 

4th. At the point where the perma- 
nent elongations cease to be nearly pro- 
portional to the increments of load, or to 
the elastic elongations, we find the usu- 
ally accepted elastic limit. Some of these 
facts can be verified by simply straining 
a piece of annealed wire by hand. 

But the most common tests in use 
among bridge builders, and which are at 
once both invaluable and fortunately of 
easy application by any blacksmith, con- 
sists, 

Ist, of bending a bar 180° degrees 
around a cylinder whose diameter equals 
the thickness of the bar, and which the 
bar must stand without fracture to be 
accepted ; 

2d, of nicking a bar on one side with 
a cold chisel, and bending it similarly as 
in Ist, with the nick at the bow of the 
bend, when it will usually break, showing 
a fracture which must be fibrous and free 
from glistening points or faces. Very 
frequent use is made of these tests in the 
smiths’ workshops where waste pieces of 
bar ends, which have no other value ex- 
cept for scrap, are put to a most valuable 
service. 

Heads of Eyebars.—In the manufac- 
ture of one very important part of iron 
bridges, viz., the eyebars, a number of 
methods are in use. One consists of 
forming the heads by a separate opera- 
tion, and then welding them upon the 
bars. The weld is made close to the 
head without upsetting the bar near the 
the welding point. This must certainly 
reduce the sectional area of the bar at 
points so near the weld as to be heated 
but not worked, because the heat cannot 
be taken without corroding the iron, and 
thus eating away a small portion. But 
where full-sized bars of this kind have 
been tested to destruction, it appears 
that the rupturing point is always at 
some intermediate part of the bar con- 
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siderably removed from the head, thus 
proving the reduction by burning to be 
unprejudicial. This practical ignoring of 
the slightly reduced end sections ap 
pears to be due to the influence of the 
enlargement of this head. This conclu- 
sion is verified by experiments in tension 
on extended necks of wrought iron, the 
fracture always occurring at some inter- 
mediate point in the neck. 

In other cases heads are formed on the 
bars by welding several thicknesses of 
iron upon the side of the bar, thus giving 
a sufficient body of metal to form the eye. 
The reduction of section, above men- 
tioned, by fire corrosion will take place 
here also, but actual experiment has 
shown it to be without objection, for 
reasons above given. 

Stone Arches.—Of stone bridges 
there are some fine ones in the State, 
particularly on the Lake Shore & Michi- 
gan Southern Railway, the Baltimore & 
Ohio, and the Cincinnati, Cleveland, 
Columbus & Indianapolis. The former 
has four or five large stone-arch bridges, 
two or three of which are two span, and 
they run from 40 to 80 feet diameter. 
Also one beautiful two-span skew arch 
of about twenty feet diameter. At 
Bellaire, the Baltimore and Ohio Rail- 
way has a remarkably fine stone viaduct, 
consisting of thirty-seven semicircular 
arches of 28 feet diameter, supported on 
piers 6X12 feet. The height of the 
copings above the streets of Bellaire is 
32 feet. Twenty of these arches are in 
a straight line, and seventeen on a four- 
degree curve, all in dressed stone. 

Stone Quarries.—In the selection of 
stone from Ohio quarries for important 
structures, care is needed lest a soft 
stone be taken which will not stand the 
weather. 

The Roadway.—Ordinary railroad 
lines consist of four parts, viz., bed, bal- 
last, ties and rails. A cross section of 
the most perfect roadway found in Ohio 
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Figure 2. 


is given in Fig. 2. The Pittsburgh,‘Fort 
Wayne & Chicago Railway has some 
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seventy miles of it, so fine in its outlines 
as to be truly a work of art. It is, in- 
deed, unfortunate, that all passengers 
cannot conveniently see it from the mov- 
ing car. Observed from the rear car of 
a train, it appears like a beautiful striped 
ribbon stretching away in the distance. 
Across the top the stone ballast is just 
to the upper surface of the ties. 
definite line of intersection is formed. 
At B is another, and also at C. 
slope, AB, is as perfect as though the 
ballast had been piled under a board. 
The limit of ballast at B is by a single 
row of ballast stone between egg and nut 
size, and individually laid by hand. ‘lhe 
upper surface of the bed is crowned or 
convex, as shown in the figure. The 
part, BC, is all patted smooth with 
shovels. A weed is not allowed. The 
ballast is broken stone where this form 
of bed isfound. The road, however, has 
not all stone ballast, though the amount 
is increasing from year to year. 

Other roads have considerable por- 
tions laid with stone ballast, that ballast 
being much sought after. Cinder or slag 
from furnaces is also employed, it being 
preferred to some kinds of stone. 

Some Ohio Stone is entirely unfit for 
stone ballast, and does not pay for haul- 
ing it from positions of convenient prox- 
imity. It pulverizes in use. Limestone 
is said to be the preferable stone. In 
considering what material shall be de- 
clared the best ballast, it appears that a 
best ideal ballast must be heavy enough 
to not be easily disturbed when laid, and 
to hold the ties in ballast ; it should not 
be too fine nor too coarse, say about egg 
size; it should have sharp angular cor- 
ners to hold the ties, and it should be 
impervious to water, so as to dry out 
quickly for preservation of ties. Prob- 
ably the best possible material for unit- 
ing all these conditions is broken glass. 
It weighs about the same as limestone. 
Glassy furnace slag comes very near to it. 
Sandstone is the poorest of all stone, 
since it wears rapidly so as not to hold 
the ties, and it absorbs moisture, and 
holds it to the rapid decay of the ties. 
But impervious stone allows rainwater 
to run directly through the ballast to the 
bed by trickling down the surface of the 
fragments and without absorption. On 
reaching the bed it flows off to the right 
and left, if the bed is sufficiently crowned 


AtAa| 
The| 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 


at its summit. In the best practice it is 
actually crowned for this purpose. 

The minimum depth of ballast shown 
in Fig. 2 is six to eight inches under the 
ties. It often actually exceeds this, 
sometimes to the depth of several feet. 
Two reasons are given for this, first, a 
new bed settles causing inequalities of 
grade; and, second, inequalities of grade 
admitted in new roads are, to a consider- 
able extent, equalized according to grow- 
ing importance of road. In these cases, 
rather than add new bed material to re- 
vive settling annoyances, ballast is piled 
on. 

Ties.—Ties used in the State are 
mostly oak; the best being obtained 
from Virginia, and known as “ Virginia 
ties.” They are of white oak and run 
|from 10” to 12” width. Chemically 
| treated ties of elm and some other woods 
| have been used to some extent. The 
number per mile varies between 2500 
jand 2800. 

Slip Sides.—In a few instances “slip 
sides” have been encountered in which 
the whole fill, or embankment for a 
length of one or two hundred feet, will 
|gradually be carried laterally out of 
|place. These are found very difficult to 
|manage. In one case, on the Baltimore 
}and Ohio Railway, a filling of coal slack 
| was used after several editions of earth 
| filling had been carried away. The coal 
| stood very well, its less specific gravity 
| being supposed to be the cause. In some 
| cases piles are driven, the idea being to 
pin’ the slipping bank to place. But 
these pins often get badly demoralized 
from the great pressure. Springs of 
water are usually found along the upper 
limits of these slipping sides. 

The Track Line.—The alignment of 
the track on curves often gets deranged 
to a surprising extent; in one case over 
forty per cent. by measurement was the 
degree of curvature raised. One in- 
stance, on the New York, Pennsylvania 
and Ohio Railway was noted where a 
curve carried the train badly. Several 
unsuccessful attempts were made to cor- 
rect it by throwing the track by eye. 
Finally the curve was re-run with in- 
struments and found badly out. In 
many cases the track has been observed 
to be appreciably deranged where 
measurements were not taken. 

Such derangement occurs by the work 
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ing of section men on the road, as in re- 
adjusting grade, or outer rail elevation ; 
in placing new ties, rails, ete. Tangent 
points undoubtedly “creep” from this 
cause, the presence of them a few feet 
in upon bridges, as noticed in a few in- 
stances, being apparently due to it. 

Track men should have some easy and 
simple means of ascertaining the deform- 
ity of curves and the proper “ elevation of 
the outer rail.” For the latter an ex- 
traordinarily simple and efficient device 
was found in force on several roads, viz.: 
a cord or string of certain length, say 60 
feet, and a rod; the former being 
stretched as a cord to the curve, the 
versed sine, measured on the rod, is the 
elevation of outer rail. Some use 63 
feet, and others less for the cord length. 
For the 63 feet the elevation is right for 
about a 36-mile speed. 

In this device we find the suggestion 
for a curve corrector, viz.: at all points 
of an ordinary curve the versed-sine, for 
the 63 feet cord, should be of constant 
value. 

In regard to the tangency of straight 
and curved portions of track, the usual 
practice is to make the curves true circle 
ares, and exactly tangent to the straight 
parts. A little consideration, however, 
will show that instead of this, the path 
described by the center of gravity of a 
ear should preferably have its  cor- 
responding parts thus in true tangency. 
But this cannot be where the outer rail 
is elevated or inner one depressed, or 
both, because in tilting the car for this 
difference of rail elevation the center of 
gravity is thrown in, and passes around 
the curve on a circle are several inches 
within the circle which is truly tangent 
to the straight parts of the path. This 
has the effect to give a jolt to the car on 
entering on a curve. But, in practice, 
this is compensated in a measure by com- 
mencing the elevation of rail on the 
tangent itself at some distance from the 
tangent point, and bringing it up to the 
full value at or near the tangent point. 

The object of making a difference of 
rail elevation on curves is to make the 
resultant of gravity and of centrifugal 
force take a position which shall be 
normal to the floor of the car. To secure 
this result perfectly, in every respect, it 
is evident that we can neither begin the 
elevation on the tangent nor admit of| 
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‘anything less than full value on the 


initial part of the circular curve. Neither 
should there be any offset, sudden or 
gradual, in the path described by the 
center of gravity of the car, such as 
above mentioned as due to rail elevation. 
Abrupt disturbances in the direction of 
this resultant would be perceived as jolts 
toward one side or the other. It is evi- 
dent that the direction of a disturbance 
which would be least noticeable to a 
passenger, or have the least tendency to 
derail a train, would be vertical, and 
hence this is the most admissible. But 
it appears impossible to preserve quietude 
in every respect in a car, even though 
the resultant force above named could be 
maintained truly in the normal position 
indicated, because the car must be ro- 
tated on some longitudinal axis to the 
extent of the difference of rail elevation. 
This necessitates an elevation of one side 
of the car, depression of the other, or a 
compromise action, the latter being prob- 
ably preferable. Hence one rail must be 
depressed as well as the other elevated, 
the best cundition being obtained when 
the center of gravity of the car is neither 
raised nor lowered. 

Under these conditions, viz.: first, 
maintenance of perfectly normal result- 
ant; and, second, a slight rotative move- 
ment of the car on its longitudinal axis, 
we secure the least possible disturbance. 
Then the only sensation to a passenger, 
if indeed any be possible in going round 
a curve at the proper speed, would be 
that of slight lifting or lowering, as de- 
pending on sitting at the lifted or low- 
ered side of the car. 

But it is clearly not possible to realize 
these conditions when a straight track is, 
according to custom, changed abruptly 
to a circle. Not even though the circular 
curve and tangent belong to the center of 
gravity of the car, instead of the middle 
line of track. The only way to fulfill the 
conditions indicated appears to be, to 
gradually increase the curvature from 
the tangent to the circle by an intermedi- 
ate curve of varying curvature. This 
we will term an easement* curve; the 
main circular curve beyond the easement 
curve being called the principal curve. 

* Called curves of “‘ easing changes of curvature," and 


“curves of adjustment,” by Rankine; also “ spiral 
curves,”’ by others. See Rankine’s Civ. Eng., p. 651; 


Railroad Gazette, Dec. 3d, 1880; recent articles in The 


Engineering News, etc. 
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Now the easement curve must, through- 
out its length, maintain perfect contin- 


uity of proper relation of the radius of | 


curvature and rail elevation. That is to 
say, to meet the above conditions, the 
radius of the easement curve must 
change from point to point; and the rail 
elevation at any one point must be pre- 
cisely that required for the radius at that 
point. This relation of elevation and 
‘radius is well known, viz: the elevation 
is simply in the inverse ratio of the 
radius. Or, again, the product of the 
elevation and radius of curvature is a 
constant for any given number of miles 
per hour for speed of train. This is true 
whatever the form of easement curve, 
and hence the latter is neither deter- 
mined nor influenced by that relation. 

Being free to assume the law of the 
easement curve, it appears that the very 
best conditions possible to adopt for fix- 
ing it are to assume, first, that the car, 
in tilting to the difference of rail eleva- 
tion as it passes along the easement 
curve, shall rotate about a longitudinal 
axis passing through the center of grav- 
ity of its cross section, and, second, that 
it be accelerated in that tilting move- 
ment, so that a passenger at the side of 
the car shall experience only the sensa- 
tion of a slight change in his own 
weight while on the easement curve. 
That change of weight will be an in- 
crease if outside and going from the tang- 
ent, and vice versa. This change of 
weight, however, should be made imper- 
ceptible, and it is believed so to be when 
arranged as below. 

This makes the law relating to the 
time and rail elevation identical with that 
of falling bodies, or with 

A= fe 
where / is the elevation, / the constant 
acceleration, and ¢ the time. Now sup- 
pose that in running this easement curve, 
50 feet chords are adopted=c. 

Let the number of chords reckoned 
from the tangent point=n. Also assume 
that at 400 feet from the tangent point 
the elevation of one rail over the other 
be 12.8 inches. Let the number of 
chords passed per second by a-passing 
train be t=nc. Substituting these values 
and reducing for a velocity of 30 miles 
per hour, we obtain 

A=0.2 1? 
From this we obtain for 


9 
8” 


3 4 5 6 8 
1.8” 3.2” 5.0” 7.2.9.8” 12.8” 
1410 1074 68.8 478 351 126 


1 
= al 4 
R=17190 4297 
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nm being the number of 50 feet chord 
lengths from the tangent point, R the 
radius of curvature, and A the differ- 
ence of rail elevation in inches, for a 
track gauge of 4’ 8}”’. 

For a speed of 45 miles per hour, for 
the same radii, FP: 

m= 1 2 38 46 6 7 
h=.36 1.4 3.2 5.7 9.0 12.8 15.4 


It is observed that the radii are the 
same for all cases. This makes the ease 
ment curve the same curve for all speeds, 
the allowance for different speeds being 
made in the elevation. Hence the curve 
can be laid out from the same set of de 
flection angles, computed once for all. 

In a particular case of practice, the 
easement curve is to be continued to 
where the radius equals that of the prin- 
cipal, or main circular curve; when the 
latter is to be run tangent to it in con 
tinuation. 

Now these curves should under- 
stood as forming the proper path for 
the center of gravity of the car, and not 
the center line of the track. For 
greater convenience to passengers, how 
ever, it should be the path to the center 
of gravity of the load of passengers 
But as these centers do not differ much 
in position, they may be assumed coin- 
cident. 

Assuming this center of gravity to be 
ata height above the track equal to the 
gauge of track, viz., 4’ 84” usually, it 
appears that in order to make the path 
of that center of gravity describe the 
easement and principal curves above 
laid down, it will be necessary that the 
eurves, when first laid out on the ground, 
must be moved outward at each point a 
distance which just equals the difference 
in rail elevation, 4, at that point. This 
is to provide against displacing the center 
of gravity as the car tilts to the differ- 
ence of rail elevation. 

Hence, in practice, run the easement 
curve as above, till its curvature equals 
that of the principal curve. Then set out 
each point the amount / proper to it as 
rail elevation. Then continue on the 
principal curve. In laying the track de- 
press the inner rail, the same amount 
that the outer one is elevated, both to- 
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gether being A. ‘This is to be done for 
that speed of trains at which it is desir- 
able to have the most perfect freedom 
from all manner of disturbances. 

In compound curves not reversed, the 
easement curve should be introduced tu 
give a gradual change of curvature, rail 
elev ation, &c., from one curve to the 
other. In reversed compound curves, 
the easement curve and elevations should 
be used to change from the first principal 
curve to where the track would run off 
on a straight tangent, and then it is to 
be run, in the inverse order, to where its 
curvature equals that of the second 
principal curve, &c. In short, every 
portion of principal circular curve should 
begin and end in an easement curve, as 
described above. 

This gives perfect freedom from side 
jolts and a probably imperceptible. ver- 
tical lift or decadence. To give an idea 
of the latter effect, that is to say, of the 
apparent gain or loss of weight, suppose 
a man of 200 pounds weight to be at the 
extreme side of a car, and that the car 
enters upon the above easement curve at 
30 miles per hour. The accelerative lift- 
ing or depressing force due to the 200 
pounds weight will be, by calculation, 
only 0.16 of a pound, or about 24 ounces, 
an effect which would influence the 
cushion of the car seat less than to place | 
an orange in the rider 8 lap. 

But all the above refinements respect- 
ing the alignment in the horizontal plane 
will be of but little avail where the im- 
portance of the vertical alignment is ig- 
nored. From an extended examination 
of track, both by sightings from ' the 
ground, and by taking advantage of op- 
portunities of riding miles within one or | 
two hundred feet of a second track, and | 
of allowing the two lines of rail to spin 
through a fixed gaze with a view to ob- 
serving the relative heights of the two | 
rail lines, it is believed that the error | 
of vertical alignment is usually at least | 
five-fold greater than in the horizontal. 

Of two sections of road, if one should | 
be found as badly out in the horizontal | 
alignment as the other in the vertical, 
each otherwise correct, it is altogether | 
probable that the section boss of the 
former would get his discharge the first | 
time the road master came along, while | 
the other would very likely be com- 
mended. But in this case the wrong 
Vor. XXVI.—No. 5—28. 





401 


the 
riding qualities of the two sections of 
track, the former would be far the best. 
This fact is evident by observing that the 
weight of the car is sure to cause it to 


man is discharged, because, as to 


follow all inequalities in the vertical 
alignment, while most of the lateral devi- 
ations of the rail will be skipped, and 
pass without effect. But even if followed 
to detail, in both instances, the vertical 
deviations will rock and tilt the car 
badly, and cause disturbances which will 
be magnified by the height of passengers 
or freight above the track. To explain, 
suppose one rail perfect in line, and the 
other to rise and fall one inch, in dis- 
tance of fifty or a hundred feet. Here 
one wheel has a latitude of vertical move- 
ment of one inch. The straight rail 
forms an axis to this motion, and if a 
circular cylinder, of radius equal the 
track gauge, be drawn to this axis, cut- 
ting the car lengthwise, every point in 
that cylinder would have the one inch of 
motion. That is, a point vertically over 
the straight rail, at the height of track 
gauge, would move sidewise one inch 
when the wheel on the opposite rail 
rises and falls oneinch. Persons in seats 
directly over the straight rail receive the 
lateral jolts of about one inch. But per- 
sons in the seats at the opposite side of 
car receive jolts which are both vertical 
and lateral to the extent of about one 
inch, which amounts to a diagonal jolt of 
about one and a half inches. The top of 
the car may, at the same time, be thrown 
two or three inches. ; 

This supposes one rail straight, but it 
is as likely to be cut as the other; both 
sometimes together and sometimes op- 
posite. In case both rise together one 
inch, the car receives the vertical dis- 
placement bodily of one inch. 

But when they are in discord, the 
passengers are thrown to an extent 
nearly double that due to the single rail 
error above. The consequent jolting 
annoyance cannot safely be prevented by 
rigid car-couplings, because the strains 
would be great upon the couplings, and 
no coupling attempts it. 

But now suppose equal inequalities in 
the lateral direction or in the horizontal 
alignment. The wheels would skip most 
of them, the tendency being to go 
nearly straight ahead rather than 


turn out for all side-crooks in the 
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rails. This is rendered possible by the 
clearance between the wheel flanges and 
rails. The cars are prevented, toa great 
extent, from wandering from side to 
side of the clearance by use of couplings, 
which offer a considerable resistance to 
the lateral movement of one car end, 
crosswise to the one coupled to it. 

From these facts it appears that the 
vertical alignment is the one which de- 
mands the most careful attention for ex- 
actitude, while in practice it seems to re- 
ceive the least. 

“Low joints” are found everywhere, 
though in the most carefully guarded 
track they are slight. Where the “ fish 
plates” are allowed to get loosened, the 
wheel pressure and peneing action bend 
the rails to an arched form. Small 
“joint ties” also favor low joints. 


If the rail joint could be given the | 


same stiffness as the body of the rail, 
and then if the bearing of the ties upon 
the ballast could be uniform along the 
rail line, the rails would remain straight. 
The “angle bar” is superior to the fish 
plate for making a stiff joint; but as no 
joint in use is as strong as the body of 
the rail, it follows that the deficiency 
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joints, others equally so on alternate, 
and each willhave no other. This is the 
one thing about railroads on which there 
is found the greatest prevailing differ- 
ence of fixed opinion. 

Now, respecting the bearing of the 
joint ties upon the ballast, Ist, when the 
joints are opposite, we find that the se 
lected wide ties, which become joint ties 
for one rail line, are also in proper posi- 
tion to serve as joint ties for the other 
line. This also leaves the middle por- 
tions of the rails resting on the smaller 
| ties, a condition pointed out above, as 
favorable for preventing low joints. But 
wifen the joints are alternate, the wide 
ties selected must be twice as numerous, 
and consequently differing less from the 
remaining ones ; but besides this we find 
|that the wide ties for the joint at one 
side extend across, and become wide ties 
lat the middle of the opposite rails. This 

favors low joints, as pointed out above, 
and is one reason why alternate joints 
should be avoided. 

But some contend that alternate joints 
ride more easily and pleasantly than op- 
|posite. This is probably true for equal 


| o*. : 
| degrees of low joints, but it seems to be 





should be made up by a greater amount |an open question whether the alternate 
of tie bearing near the joint. There are | joints, with their greater tendency to low 
many advantages in the so-called “sus- | joints, will carry trains more smoothly 
pension joint.” It is formed by placing | than will opposite joints well laid on the 
the abutting ends of the rails over a|selected joint ties. But on some roads 
space of about ten or twelve inches be-| very little if any attention is paid to se- 
tween two ties, so that the fish plate or|lecting joint ties. In such case it is 
angle bar will span the space, and be se-| probable that alternate joints will ride 
cured upon the ties. The advantage of | smoothest. 

this in the matter of low joints consists| It might be supposed that alternating 
in the greater amount of tie bearing |low joints would give an oscillating mo- 
upon the ballast at the locality of the| tion of car from side to side, and oppo- 
joint, and due to the fact that these two | site joints a vertical oscillation. The lat- 
ties are nearer each other than other ties | ter is likely to occur for speeds under 
along the rail. But still the tendency is| about twenty-five miles per hour. but 
to low joints, and it seems necessary |in high speeds the time between joints is 
that, in laying ties, the two widest ones| too small for serving as a period of vi- 
be selected for the pair at the suspension | bration or oscillation. Hence it cannot 
joints. This, together with closely-fit-|take place. At thirty miles per hour, 
ting angle bars, it is believed will main-| alternate low joints appear to be entirely 
tain freedom from low joints. This‘is| without effect for all oscillation, and is 
based upon the supposition that the ties | not noticed at even twenty or perhaps 


along the middle portion of the rail be 
all smaller than the joint ties. 

But, in actual practice the joints in 
one line of rails are sometimes placed op- 
posite those in the other line, and some- 
times the joints alternate. Some road 
masters strenuously insist on opposite 


fifteen miles per hour. 

From these facts it appears that low 
joints can be more effectually avoided 
when opposite, but will have less preju- 
dicial riding qualities when alternate. 

Rail Sections and Weights.—The 
form of rail section is a matter of consid- 
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erable import. The prevailing modern 
form is nearly like No. 1, Fig. 2a, while 
some of the older rails in use in the 
State are nearly like No. 2. Various de- 
vices have been used for making the 


dl 


Fig. 2 a 





joint in No. 2, but it is a hard rail to 
hold. Fish plates and bolts soon release 
their grip. The bolts are apt to break, 
but they first stretch and loosen the 
plates. Then the plates, rails, and bolts 
wear badly, because the form of section 
is seen to not be favorable for holding a 
fish plate. On the other hand, the up- 
per and lower parts appear much as 
though they would serve admirably as 
wedges tv spread the fish plates and tear 
the bolts. In some cases wood is used 
on one side, and sometimes both wood 
and iron. 

But the nearly square shoulders be- 
tween the head and foot in No. 1, are 
seen to be especially well adapted to 
hold a fish plate. Even a little looseness 
under the fish-plate bolts would not ad- 
mit of very much vertical displacement 
of one rail on the other at the abutting 
ends, 

Rail weights vary on Ohio roads from 
50 to 67 pounds per yard, the most com- 
mon being 60. Itis often the case that 
heavier rails are laid on curves than on 
tangents. This is to provide against the 
greater wear on curves. 

Lock Nuts.—In spite of the fact of 
numerous existing lock nuts of merit, none 
seem to meet all the requirements for fish- 
plate bolts. The simplest found in use 
is the Verona lock nut. It consists of a 
split and offset ring of steel, tempered 
to a spring, and having cutting points at 
the split. It appears to be made of quar- 
ter-inch square steel, cut and bent near- 
ly to a ring, but having an offset of about 
one-eighth inch, where the ends nearly 
meet to form the ring shape. 

Wear of Rails.—Practice develops 
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the fact that the outside rail on curves 
becomes by far the most worn. In some 
cases the outside worn rails, and inside 
nearly perfect ones, are interchanged, so 
that each shall get its portion of wear. 
The wear now referred to is mostly on 
the side of the rail head. The tops of 
the heads also become much worn. Al- 
together the wear on curves is much in 
excess of that on targents, a fact which 
accounts for laying heavier rails on 
curves. . 

The fine theory of the “coning of 

wheels” is entirely without force in prac- 

| tice. Wheels wear most near the flanges, 
(so that in a short time the effective con- 
ing is reversed; that is, the wheels be- 
come smaller in diameter of tread at 
points near the flange than at points re- 
mote from it. It seems evident that the 
more wheels become thus worn and lose 
their coning, the greater will be their 
tendency to climb outward on curves, 
and consequently the greater will be 
their slip and the greater the wear, not 
only of wheels, but also of the rails on 
curves. , 

The recent improvement in chilled car 
wheels of leaving an inch at the flange 
edge of tread, without chill, will doubtless 
tend to make the wear more uniform 
over the whole tread. 

Switches and Frogs.—A great variety 
of notions about switches and frogs are 
found in vogue. For instance, some have 
decided preferences for the Lorenz 
switch, and others for the Wharton, 
where any other than the ordinary plain 
switch is desired. 

The Wharton switch is the homeliest 
switch, probably, that was ever made. It 
would never get adopted from any good 
looks. But it has great advantages for 
certain positions in track. A remarkable 
property of it consists in its leaving the 
main line of track entirely intact or un- 
broken. This is secured by means of 
parts so formed and raised as to lift the 
wheels high enough to carry the flanges 
over the rails at the one side. In prac- 
tice, both sides are raised. This raises 
the cars also in passing the switch, a re- 
quirement which could not be admitted 
at high speeds of train. 

Hence it appears that this switch is 
especially adapted to places where trains 
are to pass at high speed along the main 
line, but where it is necessary to occa- 
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sionally turn out to a side track, the lat- 
ter being always at a reduced speed. 
Being a “ safety” switch, it is well adapt- 
ed for yards and all places of much 
switching at slow speeds. While the 
Wharton switch requires one sharpened 
rail, the Lorenz requires two. These are 
so fitted that they will lie close up toa 
whole rail, and receive a wheel from it. 
The Lorenz admits of two unbroken lines 
of rail, but one of them turns off to the 
branch track, so that one rail of the main 
line is cut. In this rail it becomes unneces- 
sary to raise the cars in switching. Hence 
this switch is adapted to location where 
a train may continue on main line or take 
a branch at speed. This switch is made 
a safety switch by introducing a spring. 
But the spring is seriously objected to by 
some, with the statement that a stick or 
pebble may become engaged between the 
pointed and fixed rail, and thus throw a 
a train. Devices have been introduced 
for obviating this objection. 

Beside the ordinary “frog,” two others 
are found in use, viz.: the spring frog, 
and the self-acting frog. Some roads are 
very partialto one or the other of the 
two latter, while others will have nothing 
to do with them. The chief objection 
seems to be that the movements are apt 
to become obstructed by sticks, dirt, cin- 
der, snow or freezing, &c. But on main 
lines, where turnouts are to be passed at 
speed, and on lines passing fifty to 
a hundred trains per day, a common 
frog is apt to become much worn ina 
comparatively short time. The spring 
and the self-acting frogs have far greater 
wearing qualities than the common frog, 
because they secure nearly the effect of 
an unbroken rail. Where switching is 
not frequent, and trains pass at speed, 
the Wharton switch and spring frog are 
good accompaniments. 

Bridges on New Roads.—Economy 
in the management of railway structures 
favors the adoption of cheap wooden 
ones, such as trestles, pile bridges, &c., 
in the construction of roads, the same to 
be renewed in due time by more perma- 
nent ones. 
in regard to this is the practical “ water- 
way” under bridges. In some cases 
trestles, a few hundred feet in length, 


have been introduced at points of un-| 


known water way, which have subse- 
quently been reduced to a complete fill, 
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with the exception of a tile opening. In 
other cases iron structures have been un- 
dermined by reason of a cramped water 
way. ° 

The life of a wooden bridge is, per- 
haps, none too long for enabling the en- 
gineer to learn the actual demand upon 
any bridge location for the water way. 
In one instance, a fine Pratt truss of over 
one hundred-feet span was placed over a 
nearly dry channel, at a height abov 
bed of only about five feet. A stranger 
to the locality would wonder why the 
space was not filled with dirt, at a cost 
of almost nothing comparatively. But 
should he happen to be along at the one 
or two times a year when water was up. 
he would form an opinion, sound and cor 
rect, as to water way. 

Cattle Guards.—This structure, though 
of seeming insignificance, is yet 
very great practical moment. This is 
due to two facts, viz.: first, the great 
number of them required on a singk 
road; and, second, that any one defec 
tive cattle guard is sufficient to wreck a 
train. 

The amount of attention given to this 
matter by different roads varies greatly 
For instance, they have been found built. 
except the “strings,” of ordinary rail 
ties, and without much designing either. 
Some roads have an almost infinite vari- 
ety, and most of them being built of such 
material and in such manner as is most 
convenient to the locality. Others will 
not only have a carefully designed and 
specified “standard cattle guard,” for 
universal use, but will have material 
lying in their material yards all along the 
road, cut to specifications and ready for 
setting new guards, or for repair of old 
ones, on the plan of interchangeable 
parts. 

The latter system reduces the matte: 
of cattle guards to a basis of manufac- 
ture, with all its advantages of economy. 
stock on hand, &e. 

The three most characteristic standard 
cattle guards, observed by the writer in 
the tours of inspection, are here de- 
scribed. 

The standard of the Pittsburgh, Fort 
Wayne & Chicago Railway, shown in Fig. 
3. A pit is first sunk nearly three feet 
| deep, filled nearly one foot with broken 
/stone. Then two square timbers, about 
1/12” x 12”’ x 12’ are laid crosswise the 
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track at each side of the pit, and resting 
on the stone. On these, against the pit’s 
banks, are laid, on edge, planks about 3” 

12” x 12’. Between these planks the 
“strings,” about 12” x 12!’ x 6 or 8’, 


























are placed one under each rail, as shown. 
The planks are heavily spiked to the 
strings, thus fixing the distance between 
the latter. The rails are spiked directly 
to these strings, the latter being cham- 
fered. The fence, on either side, ter- 
minates about at A, as shown. An effort 
is always made to drain the pit by a 
channel, so that water scarcely ever lies 
about the pit timbers or mudsills. 

In this guard the pit is generally left 
open, and is about two feet deep. Slats 
are sometimes put on, though this seems 
to be the exception. 

The standard. of the Cleveland, Tus- 

sarawas Valley and Wheeling Railway is 
shown in Fig. 4. Two sticks, about 12” 
x12" 12’ are placed in the bottom of 
the pit, 8, out to out, crossing the rail 
line. On these are placed two sticks or 
strings, about 12’ x12” 8’, one under 
each rail. On these last are placed 5 
sawed ties 6’’ x7’ or 8’’ x8’ and notched 
on to a remaining depth of 6’. The 
outer ties are placed flush with the ends | 
of the sticks on which they are notched. 
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Against the outsides of the outer ties, 
and extending down by, partly over the 
ends of the strings, are placed planks 
about 3” x 12’’x 12’ and spiked. Across 
the ends of the ties a binder or guard 
rail of wood is bolted. The rails are 


seemed 
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Figure 4. 














spiked upon these ties as on any other 
ties. The upper corners of the ties are 
chamfered. 

This is believed to be a most efficient 
guard, Its cost, as compared with that 
of Fig. 3, depends mainly on whether 
the five sawed and chamfered ties, and 
guard rails and boats, of Fig. 4, cost 
more or less than the stone filling in the 
bottom of Fig. 3. 

The Baltimore and Ohio Railway have 
a more elaborate and costly standard, 
shown in Fig. 5. In the bottom ofa pit 
three mudsills are placed, each about 12” 
x 12’'+12’. Across and on these are 
laid the string pieces, one under each 
rail, and 12”x12” x8’. The ends of 
these are notched into 5''x12”" x12’ 
planks, the outsides of the latter coming 
just flush with the two outside mudsills. 
The strings are chamfered, and the rails 
are spiked to them. 

Slats or bars are counted an essential 
|part of their guard, and they are pro- 
vided for in a most ingenious manner. 
| On the inside of each of the outer heavy 
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5’’ 12" planks is spiked a 14’’ x 8”’ x 12’ 
plank, notched at spaces of about 12”. 
The notches are diagonal, so as to carry 
4’’x 4" bars lying in a diagonal position. 
that is, so that one corner of each stick 
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isup. These bars are not nailed, because 
in a few months they sag, and are then 
turned over. As often as any one sags it 
is reversed. 

At each side of the track, or end of the 
guard, is placed a half length of fence as 
shown, from which starts out the divis- 
ion fence to which the cattle guard be- 
ongs. 

Nothing would seem to be more effici- 
ent than this as a cattle guard, and yet 
the road master states that in one case a 
certain man’s cow had educated herself 
to such a point of excellence that she 
would deliberately and safely walk tlhe 
champered stringers, placing right feet 
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one side and left feet the other side of 
the rail. But this isolated instance of 
successful climbing cannot be considered 
due to any fault of the cattle guard. 

Grade.—The steepest grade noted by 
the writer is 85 feet to the mile, though 
that is very likely exceeded in the State. 
Very little attention appears to have been 
given to controlling grade; or least 
possible maximum grade per division, or 
other portion of road. Neither to the 
matter of grade compensation for curva- 
ture. These questions appear to rise to 
great importance only on long stretches 
of road through uninhabited country 
like our western wastes, where it is not 
convenient to locate “helper engines’ 
for an occasional excessive grade 

But in Ohio, a road master will reply, 
stating the steepest grade, and give its 
location ; and also that it is perhaps ten 
feet or fifteen feet steeper than any 
other. He may say, also, that in each 
“ase the grade was made as small as 
possible, regardless of reduction of cost 
of road by allowing the grade to go up 
to the controlling maximum at any point 
on a portion to which this controling 
maximum belongs. 

a ae 

Recent iy a number of the directors and 
officials of the Highland Railway Co 
witnessed a series of experiments with the 
Westinghouse brake, over the Waverley 
route, for the purpose of satisfying them- 
selves as to its efficiency, with a view to 
its adoption on the Highland lines. The 
train was composed of an engine, with 6 
carriages and a guard's van ; and the ex- 
periments consisted chiefly in pulling up 
while running at high rates of speed. The 
stoppage was repeatedly accomplished in 
distances of from 300 to 400 yards; on 
one occasion, in descending a gradient of 
1 in 70, at the rate of 60 miles an hour, 
the train was brought to a stop within a 
distance of from 500 to 600 yards. An- 
other test was the uncoupling of a part 
of the train while going at full speed, and 
the application of the brake. The result 
was that the latter portion was brought 
to a standstill almost immediately, while 
the front part was pulled up within less 
| than 300 yards, notwithstanding that the 
steam was kept full on. 





ON THE PROPER DIAMETER OF ELECTRIC CONDUCTORS. 


ON THE PROPER DIAMETER 


OF ELECTRIC CONDUCTORS. 


By FREDERICK E. UPTON, U.S.N. 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


It is proposed in the following paper 
to determine theoretically the proper di- 
ameter of electric conductors, regard 
being had (1) to their economy, and (2) 
to their adaptability to convey and dis 
tribute with uniformity electric energy to 
the various units of a system in which 
that energy is to be developed. 


NOTATION. 


Following is the notation which will 
be employed, certain values being as- 
signed to some of the arbitrary constants 
for purpose of illustration : 

a—A constant depending upon the ma- 
terial of the conductor (for cop- 
per about .000015.) 

6—Price of material of conductor in 
cents per pound (for copper wire 
35.) 

C—Strength of current. 

¢d—Diameter of conductor in inches. 

h—Hours per day work is being per- 
formed (9.) 

I—Interest on cost of conductor in 
cents per annum. 
i—Yearly rate of interest in hundredths, 
(.10). 

K—Cost of useless work developed in 
conductor in cents per annum. 

k—In electric lighting, the estimated 
average proportion of lamps, in 
actual use during the time h, to 
the whole number of lamps in a 
system. 

L—Length of conductor in feet. 

l—Price of coal in cents per pound (.2). 
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N—Whole number of lamps or other 
units in a system. 

n—Number of pounds of coal consumed 
in boiler per hour, for each horse- 
power of electrical energy de- 
veloped in circuit (3.5). 

P, p—Work in foot pounds per minute. 

R, r—Resistance in ohms. 

s—Weight of the material of conduc- 

tor, in pounds to the cubic inch, 
(for copper wire .3212.) 


DERIVATION OF THE FORMULA 


In any conductor 


al 


pas a ~ . 
a 
In a simple circuit the work developed 
in any part of it, during a given time, is 
proportional to the resistance of that 
part, whence, 
. ( P 
p=P- _aLF : ; . (2). 
The capital letters refer to any object 
in the circuit in which useful work is to 
be developed, the small letters to the 
conductor. 
3B65prhl .01106anAl/PL 3) 
33000 ~ Rd’ , 


I=3mLd’shi . . . {A). 


K= 


Now if any infinitesimal] increment, d/, 
positive or negative, be added to ¢, the 
resulting increments of K and I will be 


221anhlP 
d= = xd 2. (8). 


di=—6aLshidxdd . . (6). 


These expressions show what would 
be the increase or diminution of the 
cost of heating the conductor, and of the 
interest on the cost of the material of the 
conductor, resulting from an _ infinitesi- 
mal change in its diameter. 

The negative sign of dK indicates that 
it progresses in a direction opposite 
to dd. 

It is evident from inspection of (5) 
and (6) that a value may be assigned to 
d so large that the sign of dK+dI will 
be the same as that of dI; also one so 
small that the sign of dK+dI will be 
the same as that of dK; and, since dK 
and dI have contrary signs, there must 
be some value of d which will render 


dK+dI=0 .. . (7). 

Let that value be d’; if a positive incre- 
ment is now applied to d’, (7) will have 
‘the sign of dI which is the same as that 
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of dd’, that is, increasing or +; orif a 
negative increment be applied to d’, (7) 
will have the sign of dK, that is, con- 
trary to dd’ or still +. Hence when dK 
+d1=0, any increase or diminution of 
d will result always in an increase of 
dK +dI, and the most economical diam- 
eter is thns determined. 
Integrating (7) 
| I 
numerically. Whence 
/MP 


a’ = 4 R 


L has disappeared, which shows that 
the most economical size of conductor is 
independent of its length 

Formula (9) gives correct results for in- 
sulated wire, if bis made to equa: the 
price of the material of the conductor 
per pound, plus the price of the insula- 
tion covering a pound, when that is con- 
stant for the different sizes. It alsomay 
be readily adapted to any other source of 
energy than coal. 


(8): 


= ,/44.236M C . (9). 


OF THE FORMULA TO ELECTRIC 


LIGHTING. 


APPLICATION 


Let », be the foot pounds of work per 
minute required for one light, at a stand- 
ard brilliancy, 7,, the resistance of one 
light. 

I. In a simple cireuit, where the lights 
are connected in series, R= ANr,, P =k 


Np,. Hence 
2 Mp, 
a yw. 


Or, in a simple circuit, d@’, is independ- 
ent of the number of lamps, and de- 
pends solely upon the elements of a sin- 
gle lamp, as might have been inferred 
from the disappearance of L referred to 
above. 

II. In a multiple circuit, neglecting 
r cS 
EN’ P = kNp,; let 
the unknown resistance of the conduc- 
a? then R=" 
(g+1). As the work developed in a cir- 
cuit, increases in the same proportion as 
the resistance (C being constant), 
P=kNp,(q +1), and (9) becomes 


da’. —_ eng/ MP: 


(A). 


the conductors, R= 


tors be the g part of 


cD ile 
*) | diameters. 
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Or, in a multiple circuit, d'm is inde 
pendent of the lengths of the conductors 
or any of them, and depends on the ele. 
ments of a single lamp and the number 
of lamps. 

For any description of lamp, d@’»,’ and 
the gauge number may be tabulated for 
KN. 

III. If, however, in a multiple circuit, 
the sizes of conductors are calculated by 
(B), the different lights of a system will 
not be of uniform brilliancy, unless they 
are all at the same distance from the gen- 
erator following the route of the current. 
Otherwise, those nearest the generator 
will be the brightest. 

Consider a cireuit divided into two cir- 
cuits, numbered 1 and 2, and containig m 
and x lamps respectively; the conductors 
to which these lamps are attached will be 
valled the connecting wires, and the 
lamps are supposed to be attached to 
them in multiple circuit without any 
other resistance than that of the lamps 


Then by (B), 


1 ", 


° Z 
themselves, that is, —» 
vt 7 


d,*:d," :: m:n, or the current and 
work will divide correctly if the resistance 
of the connecting wires be neglected, and 
enter each circuit according to the num- 
ber of lights to be supplied. But the 
connecting wires have resistances, which 
should manifestly be in the same ratio as 
that of the lamps in circuits 1 and 2, in 
order for the work still to be distributed 
correctly ; that is, we must have 


i oS Ae 


d, 


oe -* 9 


m Hn "hea 
d, 


But from (1) 


In order for the first proportion to ob- 
tain, L, must equal L,, which is the con- 
dition of uniform brilliancy. The same is 
true of any number of parallel circuits ; 
the connecting wires must be of such 
length as to bring all the lamps to the 
same distance from the generator. 

In practice the lengths of the connect 
ing wires are.determined by local circum 
stances, and, therefore, they will not gen- 
erally have the proper resistance for uni- 
form distribution of work. It will, hence, 
be necessary to modify their computed 
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Let some constant distance, L’, be as- 
sumed, to which the distances of all the 
lamps from the generator must be made 
equivalent as regards resistance. De- 
signate the actual length of the connect- 
ing wire by L, and the length it should 
have to bring the lamp to the distance 
L’ from the generator byD. Then there 
will result for connecting wires only 


/Mp,L_ 2 L 
-_— 


L’ must be at least nearly equal to the 
distance of the farthest lamp from the 
generator, always following the route of 
the current. 

All the conductors, except the connect 
ing wires,are given by (B). The turning 
on or off of any number of lamps will not 
affect the uniformity of the brightness of 
the rest 

The system as thus arranged may be 
replaced, for most purposes of computa- 
tion, by an equivalent system, consisting 
of AN lamps arranged like a chandelier, 
connected with the generator by a con- 
ductor whose length is L’ and whose 
diameter is given by (B). 

Applying the formula (B) to find the 
size of the main conductor, leading from 


l'on =KNA (C). 


ON THE STRENGTH OF WROU 
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By S. W. ROBINSON, C. E., Prof. Mech. Eng. in the 


the generator to the first derivation, to 
supply 1200 lamps of Edison's pattern, 
where p, = 3000, r,= 130, assigning to M 
the value previously given under the head 
of Notation and to /.5, then there re- 
sults, d’,,=.95 inches. This is also the 
diameter of the conductor of the theoreti- 
cal system just referred to. 


GENERAL APPLICATION, 


Formule (B) and (C) may be used to 
determine the proper size of conductors 
in all cases where economy would be a 
matter of importance, such as the storage 
of electricity at a distance, or the trans- 
mission of power to any number of sec- 
ondary electric machines. The formule 
will then take the general form : 


s N /N ) 
ie V Ip, 
Q ,. 

Where Q is the number of cells, ma- 
chines, &c., connected end on in each 


rT 


series, and Q is the number of of series. 


(D). 


The arrangement in any particular case 
depends on the ratio of the elements of 
the generator to those of a single unit of 
the receiving system. 
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THe examination of bridges for 
strength and trustworthiness has occasi- 
oned the use of formulas not accessible 
to the writer in published form. In pro- 
curing the formulas by direct solution, 
the amount of labor entailed has been 
great. The avoidance of a repetition of 
this labor on the part of others who may 
require these formulas, is believed to be 
sufficient reason for now publishing the 
results obtained. 

To make clear the nature of the for- 
mulas required, the conditions to which 
certain bridge members are subject may 
he referred to. Thus, in some instances, 


I. 


the chords of truss bridges are required 
to carry the floor beams, one, two or more 
of them, to each panel. Now, when a 
|train of cars comes upon a bridge, the 
'floor-beam loads rest down upon the 
chord members and deflect them into 
downward bowing curves, causing 
|“ transverse strains,” or “bending mo- 
ments.” Simultaneously, the load upon 
| the bridge causes endlong strains in the 
|same chord members; tension for the 
|lower, and compression for the upper 
lchord. Thus, an individual member of 
| the chord of the bridge, such as an “ eye 
bar,” is to be treated as a beam subjected 
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to a combined bending and stretch, or 
bending and compression, as the case 
may be. 

The usual way of calculating the re- 
sulting maximum strain in the piece con- 
sidered, is to compute as though the beam 
had only the “cross strain,’ and then 
compute separately for the endlong 
strain, and add the results. It is evident, 
however, from a casual consideration that 
as the bending load would separately 
give a certain curve to the beam, the 
tension would partially straighten that 
curve and diminish the bending moment. 
Again, in a compressive endlong strain, 
the curvature of the beam would be in- 


creased and the bending moment in-| 


creased. Hence, the usual calculation 
would give too large a value to the maxi- 
mum strain per square inch in one case, 
and too small in the other. The for- 
mulas given in this article correct these 
anomalies. 

The conditions of the piece just re- 
ferred to as regards loading and sup- 
ports are stated in general terms, but it 
is evident that they include all such spe- 
cial conditions as concentrated loads; 
distributed loads; one end fixed and the 
other free ; one end fixed and the other 
supported ; both ends supported; both 
ends fixed, &c. 


TRUE FLEXURAL MOMENT AND ITS RESISTANCE 
IN MIXED STRAINS. 

Before proceeding to special cases, it is 
necessary to consider the pseudo-philo- 
sophy of eccentric neutral axis in beams 
subject to both endlong and cross forces. 


For the sake of fixing the ideas, let 
Fig. 1 represent a beam fixed at the end, 
B, and free at the end, A. Let the cross 
force, P, act at right angles to the beam, 
and the endlong force, T, in the direc- 
tion of the length, both being applied at 
| the free end of the beam. The bending 
will be as shown, the fibers on the upper 
side of the beam being stretched, and 
those on the lower side being com- 
pressed, if T is not too great. 

Now, undoubtedly one effect of T is to 
elongate the whole beam and every part 
of it, throwing the neutral axis for all the 
stresses, downward from the line ACB 
to some line C’B’, or C’’B” This dis- 





Figure! 





T 

Px 

section at the distance a, from the free 
‘end of the beam. If T=o, the displace- 
ment=o, anywhere. If P=o, the dis- 
placement is, anywhere. If « =o, the 
displacement = ». If «=/, and P very 
small, the displacement is very great. 
But for T and P moderate, the displace- 
ment is moderate. For T and P con- 
stant and x variable, the departure of the 
line of the neutral axis, C’B’ from CB, 
increases as a decreases, and, geometri- 
cally speaking, it is asymptotic to the ho- 
rizontal through B, and to the vertical, 
through A. ‘hough this line is a real 
neutral axis, as regards stress, it can 
easily be shown that it is not the most 
convenient line in which to place the 
origin of moments, for the well known 
| differential equation of the elastic curve, 
| viz.: 


placement is proportiona: to for the 
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2 
dy : ; 
= =Px= (applied moments), 


=M (1) 

This equation, as it stands, is an equa- 
tion of moments of forces, the second 
member being the sum of the moments 
of the forces acting on the beam, while 
the Ist member is the sum of the mo- 
ments of the internal forces of the beam 
resisting bending, or, more briefly, the 
“moment of resistance” of the beam. 
The origin of moments, or moment axis 
for this equation, is taken on some cer- 
tain cross section of the beam, as, for in- 
stance, DF, and then the moments of the 
forces are to be expressed for that partic- 
ular origin of moments. The equation 
is then integrated, resulting in the equa- 
tion of the elastic curve. The effect of 
the integration is to move the plane, D 
F, from end to end of beam, thus sum- 
ming the bending effects due to each 
element of length of beam. 

That the origin of moments for the 
above equation of moments should be 
taken on the sectional plane, DF consid 
ered, no one doubts; but where it should 
be taken is seriously questioned. Some 
writers definitely locate it, by saying that 
the moment of inertia, I, is here variable, 
the neutral axis not being parallel to the 
beam. According to this,if C'B’ be the 
neutral axis, above described, the 
origin of moments must be taken at L, in 
applying the above general equation (L) 
to Fig. 1. The moment of inertir, I, of 
the section, DF, is then to be expressed 
for the moment of inertia axis at L, coin- 
ciding with the origin of moments. 
Now, to discuss this conclusion, draw G 
H, DF, and JK, as shown. Let the 
portion, SO, of the beam be supposed 
to stretch, displacing DF to JK, this 
stretch being due to T. Again, let the 
bending moments displace GH, through 
an angle to FD, causing a stretch in the 
upper fibers and a compression in the 
lower fibers of the beam, the triangles, 
O’FG and O’HD, representing the two 
actions respectively. Respecting a fiber, 
ab, the stretch from the line, G, to F is 
due to cross strain, and from F to K, to 
endlong strain. 

Now, for the sake of an argument, let it 
be granted that the origin of moments 
for equation (1) be taken on the real 


as 
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neutral axis, C’B’, at L. This point is 
where the cross section, JK considered, 
intersects the real neutral axis. That is, 
L is the point in the section, J K, where 
there is actually no longitudinal stress. 
The figure indicates this, since at the top 
of the beam, GF stands for stretch due 
to cross strain; FK, the stretch for end- 
long strain, their sum, GK, being the 
total stretch or stress. This stress is less 
and less in going down from the top, 
until it vanishes at L, where the limiting 
lines, GL and KL, for the stress named, 
intersect on the neutral axis, C’B’. 

Now, in applying equation (1) to the 
beam, Fig. 1, with the understanding 
that the origin of moments he tuken at L, 
we have 


sl 


7 hs 
Y_PAR--T.RL. . (2). 


li 


~p 


where the moment of inertia, I, of the 
first member, is to be so expressed that 
its axis coincides in position with the 
origin of moments, L. Let the beam be 
regarded as uniform in cross section from 
end to end, with the line, ACOB travers- 
ing the center of gravity of any cross 
section. Let I, represent the moment of 
inertia of the cross section considered, 
for an axis located at the center of grav- 
ity of that section. For KJ this axis is 
at O, the point o being the “ principalaxis’ 
or “‘center of inertia.” Now, a well-known 
principle in mechanics, by which I may 
be obtained from I,, gives 


i=I, +section JK.LO? (3). 
Hence the first member of equation (2) 
is 
él él € : ‘ > 
—=-—-+- section JK.LO’ 
p p jp 
el -_ : 

=—'+-K.LO’ . 

Pp p 


(4). 


where K is here taken for the cross see- 
tion JK. 

The denominator pis the radius of 
curvature of the curve of the neutral 
axis as shown in Fig. 1. 

If S U and GH be taken parallel be- 
fore flexure and fixed to the beam, SO 
being regarded as an element of length, 
dz, of the beam, then during flexure S U 
and GH intersect at the center of cur- 
vature of the elastic curve, thus determ- 
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ining p. Then, relative to the fiber 
S O’ O, Fig. 1, we will have the stretch 
of the fiber=O’ O; and from the simi- 
larity of triangles we may write 
OL: p::0’0: SO. 
LO OO 


“p SO 


A well-known fundamental formula in | 


the theory of the elastic resistance of 
beams is 


Ti=eKdl (44). 


where T is a force applied toa bar of 
length, /, of section K, and co-efficient of 
elasticity, ¢; for which the stretch is d J. 
‘This formula may be applied to the part 
S O’ of the beam Fig. 1 by making 7= 
S O' and d/=O’ O, the section, K, being 
the same whole section, JC. In this, 
the dl is=O’ O=F K=:D J. 
Hence 


T.S0'=eK.0'0=¢K.=0.80 


T= 


combining this with (4), we get 


eI _ ‘ls tro 
p 


Yomparing with equation (2) we have 


él_ él, , pTO=P.AR—T.RL 
pp 


“ =P.AR—T.RL—T.LO 


=P.AR—T (RL+LO) 


él, 


eI, _ a ZY 
p 


—;—P.AR—T.RO.=M 
dx 


=2Pxe—=Ty (5). 

This equation has for its first member 
the ordinary expression for the moment 
of elastic resistance of beams, subject 
simply to bending forces applied only at 
right angles to thé beam ; that is to say, 
the expression in which the origin of 
moments for the resisting forces is at 
the center of gravity of the cross section 
of beam considered, or at O, Fig. 1. The 
second member expresses simply the mo- 
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‘and P.AR of the latter. 


ments of the applied forces for the same 
origin of moments, viz.: the point O.* 
Hence it follows that in cases of flex- 
ure of beams, where part of the forces are 
applied in an endlong or longitudinal di- 
rection, the moments may unhesitatingly 
be expressed with reference to an origin 
of moments located at the center of gray 
ity of the cross section considered. 
Equation (5) makes this evident, not 
only for the moment of resistance but 
for the entire number of the applied 
forces. Indeed, a little consideration of 
M, in equation (5), shows that the above 
statement respecting the moment of the 
applied forces is true in general ; that is 
to say, it is true for any number of 
forces, having any conceivable points 
of application, and having any conceiy- 
able lines of direction. For each 
force may be resolved into two compo- 


jnents, one longitudual and the other 
| transverse ; 


T.RO being the algebraic 
sum of the moments of all the former 
It is to be un 
derstood that in the integrations, proper 
limits are to be chosen, so that no point 


‘of concentration of applied force be over 


stepped in this, any more than in ordi- 
nary problems. 

These facts place all problems in the 
resistance of beams on the same basis, 
that is to say, equation (5) applies with 
equal truth and exactness for a beam 
subject to the action of any system of 
forces, however complex, as for the sim- 
ple case of a single transverse force ; I, 


_being always regarded as the principal 


moment of inertia and constant for a 
beam of uniform cross section. 

This complete generalization of equa- 
tions (1) and (5) for a constant value of I 
is important, since the integrations are 


/not only facilitated, but we are enabled 


to apply the resulting formulas for a 
beam under any system of forces, with 
the same degree of confidence as for the 
most simple case. 

_ To confirm the facts above stated by 
discussion, let us refer to Fig. 1. First, 


*In the above transformation the radius of curva 
ture p has been all the time regarded as of the same 
= ame Sey 

value. Fig, 1 shows that this is correct. For in —— 
it extends from Ltothe center of curvature, or to 


ef 


where LJ produced meets SU produced. In 


2 
it extends from O’ to where O’D intersects SU pro 
duced. But as LJ and O’D are parallel to each other 
the radii of curvature have the same value. 
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suppose P applied, bending the beam 
downward as shown. Then apply T as 
shown. 
tially straighten the curvature, and raise 
the end of the beam. But it will finally 


come to rest under some degree of curva- | 


ture, P and T both acting. The portion 
S O’ of the beam will stretch, D F mov- 
ing tod K. Next apply an equal and 
opposite endlong force—T, at the center 
of gravity O, of the cross-section J K. 
This latter will have no tendency what- 


ever to bend the portion S O, but it will | 


exactly return J K toD F. In this the 
end of the beam will not be raised or 


lowered, the deflection being entirely | 
due to the two forces acting at the end | 


of the beam. The stress in the beam is 
now simply that represented by the tri- 
angles O’' GF and O’ D H. 


ment of resistance is axis for I, be- 


ing at O’, and the moment of P will be 
P.AR. But as to T we have a couple 
between T at the line AR and—T at O’ 
the arm of the couple being RO. Hence 


the moment of this couple is T.RO’. All| 
the | 
origin of moments at the point O, or O'| 


these moments are seen to have 
both being practically the same point. 
This re establishes equation (5). 

So far, the endlong force, when 
spoken of in connection with Fig. 1, 
has been treated as producing tension. 
But it is easily seen that similar reason- 
ing follows forT, so taken as to compress 
the beam. Indeed, the algebraic sum, 
T.OR, mentioned above, contemplated 
positive as well as negative forces. 

Equation (5) enables us to find the 
equation of the elastic curve of the bent 
beam. Having the equation of the 
curve, we can readily find the deflection 
at any point. Also the moment of 
strain M, may be found as soon as the 
unknown constants of integration are 
determined. 


TRUE MAXIMUM STKAIN 
SECTION. 


IN ANY CROSS 


By aid of the moment M and the end- 
long force T, we may find the maximum 
strain produced in any cross section of 
the beam, as for instance in the section | 
at O, Fig.1. At the top of the beam, 
the strain is GK, and at the bottom it is 
JH; GK being the greater, it is the one | 
sought. 
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This latter will evidently par- | 


|gravity of the section 
The mo-| 


| strain due to the moment M. 
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The strain GK is the sum of two 
parts, GF and FK, the former being 
due to the moment M of bending, and 
the latter to the direct tension T. To 
find the total amount of this strain per 
square inch, we may apply the well 
known formula for the strength of 
beams for finding the part GF thus 
| 
7 M, 


(6). 


where M is given by equation (5), as the 
algebraic sum of the moments of all the 
applied forces, the center of gravity of 
the section considered being the origin 
of moments, I, the principal moment of 
inertia for the same section, as previously 
stated, d, the distance from the center of 
to that point 
where the strain is greatest, and ¢, is the 
In Fig. 1 
O’ is the center of gravity of the section 
DF considered, I, is the moment of 
inertia of that section for O’ the axis, 
and d,is O’F. As a formula for de- 
termining the moment of ultimate re- 
sistance of beams, ¢, is to be assumed 
equal the ultimate resistance or mo- 
dulus of resistance to rupture. Equa- 
tion (6) is the converse of this, where M 
is predetermined and ¢, found as a stress 
considerably below the ultimate value. 
In calculating the ultimate strength of 
beams, formula (6) is known to give 
values wide of the truth. This is 
due to the fact that the law of re- 
sistance in the neighborhood of rup- 
ture deviates greatly from the law of 
perfect elasticity. But within the elas- 
tic limits, as will usually be the case 
with (6), the formula, as is well known, 
will be truthful. The strain FK Fig. 1, 
as above explained is due to T, and if 
the intensity be represented by ¢, and 
the sectional area DF by K, we will evi- 
dently have 
¢, K=T (7) 
Let ¢4,=GK, Fig. 1, stand for the 
whole maximum strain per square inch 
in the section considered. 
Then 
Md, T 
I, *K 
a perfectly general formula, free from 


all assumed approximations except in 
the instance where p is placed equal the 


t=t,+¢,= (8) 
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second differential co-efficient. This, 
however, is done by all writers on beams. 
But it is known that the error in this 
assumption is of no practical import 
whatever in beams as ordinarily used. 
It is zero where the bent beam is not 
inclined to the axis 2, and for an inclina- 
of 10° it is less than 5 per cent. 

It is to be observed that for ruptur- 
ing strains d, is to be taken as the dis- 
tance from the center of gravity of the 
section to the point where the rupture 
takes place, whether it be by tension or 
compression. 

When the beam is rectangular in 
cross section with a breadth 4 and depth 
d, we have 

bds 


ot De and K=hd, 


and also equation (8) agree in making 
¢,=0 and hence, for minimum strains, 


M=o, and t, =0, 


To illustrate further, take an “eye 
bar” of a lower chord of any bridge. 
Let ABCD represent the loads due to 
floor beams. The section at the middle 
of the length will receive the greatest 
moment of strain due to ABC, &c., 
while the tension T is uniform through- 
out. Now, that t,=o0, the centers of the 
eyes must be raised a distance ab, shown 
at the middle section, so that for the 
maximum bridge load, 


{sum of the moments of AB and 
VU P, with respect to « . (10). 


T.ab == 


When this condition is exactly satis- 
fied, the middle part of the beam near 





Figu 


and hence (8) becomes, 
6M, T 
~ bd? * bd 


Here ¢. disappears, as indeed it will 


(9). 


re 2, 


|JK will be simply stretched and not 
|sprung into curvature. But if the body 
|of the bar be straight when free from 
| strain, it will, when under the condition, 


|(10) be sprung at points near the eyes. 


in all cases where the cross section of |The problem then becomes complex be- 
the beam is symmetrical with respect to|cause ab varies with the spring, and 
an axis to that section taken horizontal] | would require to be determined with due 


through O' Fig. 1. 


NEUTRALIZING MOMENTS DUE TO CROSS 


STRAINS. 


OF 


It is often desirable to so assume the 
point of application of T, as to place the 
beam under the least possible maximum 
stress when the structure containing the 
the beam receives its maximum load. 
For instance, suppose the lower chord 
of a bridge carries the floor beams, sev- 
eral to each panel. Then it is evident 
that T may be applied at such point as 
to make its moment, with respect to the 
section of beam in question, equal and 
opposite to the moment of P. This 
makes M=0, and consequently ¢,= 0. 
This is evidently the best condition, 
since ¢, and T are sole and mutual de- 
pendencies, and, at best, the minimum 


strain can never fall below ¢,. This, 


regard to the amount of flexure, as sub- 
sequently done in this article. 

But it is possible to so curve the bar 
in the manufacture, that any part of it 
will be simply stretched when bearing its 
maximum load. To indicate a few of 
the simpler forms, suppose only a single 
floor beam at the middle of the bar at K. 
Then the center line of the bar should be 
a straight line from a, Fig. 2, each way, 
to the centers of the eyes, the distance 
ab being formed by (10). If there were 

| two floor beams on the link, say A and D 
only, then the link should be straight 
between A and D, and also between 
these points and the centers of the eyes, 
the lines from point to point being con- 
stantly at mid-depth of the body of the 

|bar. If the floor beams were so numer 
ous as to be treated as constituting a 
‘uniformly distributed load, the curve of 





ON THE STRENGTH OF 
the center line of the body of the link 
would be a parabola running from center 
to center of eyes, with vertex at a, and 
with the principal axis vertical. Equa- 
tion (10) would still determine ad, the 
2d member being regarded as the sum 
of the movements of all forces except T. 
For this case the equation would take 
the form, 


l r ; : 
T.ab=P,—— for the middle point, 


and (11). 


, wx 
ry 


2 
=Px—-> for any point, 
the origin of co-ordinates being at the 
middle of one eye, with / the length of 
the bar, and w the loading per unit 
length. 

In cases where the cross section of the 
beam is non-symmetrical, as often the 
case in upper chords of bridges, the 
center of gravity of that section is to be 
found and then ab laid off, downward in 
the upper chord and upward in the 
lower chord. 

When chord members are very long, 
the moment due to their own weight 
should be found and ad determined by 
(11). 


GENERAL INTEGRALS FOR SOLVING CASES OF 


MIXED STRAINS. 


In the designing of new structures the 
precautions pointed out above relative to 
maximum stresses in mixed strains may 
be provided for in the simplest way, viz: 
by computing separately and adding, 
though this may not always be preferable. 
When this approximate method is not 
desirable, and in cases where existing 
structures are to be examined, it may be- 
come necessary to make a careful deter- 
mination of the moment M. To meet 
this requirement the various cases follow- 
ing have been worked out. 

Before taking up the special cases an 
examination of the expressions for the 
moments of applied forces, shows that 
the integrations all come under two 
general forms, and it will be seen to be 
decidedly preferable to perform the two 
integrations once for all than to integrate 
for each special case. 

The first general form is 


CY —Ay+Bu+Dz'+F . (12). 
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Differentiate twice, and 


VY . 2p. 


ay 4 
dee 


dx : A 


Now put 
d’y 
aos —2, 


and differentiate twice, 
dy dn 


dx dx - 


“Y , op 


A Ty? 


a'n 
< =An +2D 
dx 
multiply through by d», and 
and we get 
dn* 


| iil + 4D +C 


integrate, 


Tn 


, 4Du C 
alate ted | 


whence, by integration 


2D 


+74 


dz= /A 
V 


A | n’ - 
hyp. log- - 
VA U, 
Passing t» exponentials and transpos 
ing in part, 
#¥A 2D 


4Du C 
4+ 


me eee ty 


; A 
By squaring both members and eancel- 
ing 
aVA 
—2C ne + 


4D* 


; ztA AD : 2 Va 
~~ Ee A’ 
C 


A 


solving for ~ we obtain 


CG. =A Cc —<VA 
le _ —_ 


2 2C_A 


— 


2D. ap" -«*4 
—— + ~€ 
A CA’ 


- 


a , 
= = Ay+Br+D.°+F 
aL 


The 


J 


second general form is 


ay —Ay—Bxr—Dx*—F .. (14). 


dite 


Differentiate twice and 
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d‘y d’y 


—— =, = a A ZPD 
de" AT J 


and differentiate twice 
da‘; t’; ?? 
7S a —: : * 2D 
de = dx die 


dy 
= —An—2 
dx’ A? D 
inte- 


Multiply through by dx and 


grate and 


7. 2 
= An 6De +0 


2 


dx 


dn 

da= ' 

a/C’—4Dn—An® 

’ _™ Bexzt 

JS oe GT - ll 

a/e VV 4ac+ 6’ 

where a=C’, J=4D, c=A, 2 
Hence 


dz 
/atbe—es* 


=n. 


“ie 
“2—=— sin 


VA 


2An+4D 
/4AC/ + 16D? 


td 


An+2D 
/ AC’ +4D* 
Solving for m, we obtain 


_ VAC’ +4D? 


sin(#,/A +C,’)= 


sin(a4/A +C,’) | 

> (15). 

D_@y - 
A dz’ J 

In the application of (13) and (15) to 

the following cases, it is only necessary 


=—Ay—Br—Dzx*—F 


| 


| ordinate and second differential 


coeftici- 
ent have contrary signs when the curve 
is concave toward the axis of x. Hence 
in Fig. 1 they are contrary. Taking T 
positive when it is directed toward the 


beam, and negative when from it, wi 


Figure la 


will have, for T pointing outward as in 


Fig 1 or la. 


| 
| 


to cut out any redundant term, and de- | 


termine the constants of integration. 


SOME OF THE PRINCIPAL CASES UNDER 


MIXED STRAINS. 


ay 
~“—=Pa—Ty=M 
‘da Y 
. . > a4 
T being negative makes the sign of = 

ar 
and Ty alike. 

For convenience let the subscript to I 
be dropped in the following equations. 
I being always regarded as the principal 
moment of inertia of the cross section of 
the beam. Then we have for the origin 
of moments at ©, Fig. la, and of co 
ordinates at A, 

dy 
éi-—,.— 
dx’ 

To integrate this equation, we require 
(13) because the signs of Ty and Ay are 
alike, also of the second differential 
coefficients. 

Comparing with (13) 

T P 


el wai el 


(16). 


Ty—Px=M 


A D=o0 F=o0 


Hence 
i Cn 


pau o— _ 1! 
dx =Ay+Be= 2 € 


NE 


a 
20.A 


where for convenience »=,/A = /. J 
el 


'x here differing from the x used in the 


integrations for (13) and (15). This 


I. For the first case let the beam be| equation is given in Strength of Ma- 
fixed at one end, free at the other, and | terials, by De Volson Wood, p. 300, 2d 


having aload P and pull T applied at the ed. 
| 


Sree end. Fig. lor la represents it. The 
first question arising is whether to apply 
(13) or (15). An inquiry will reveal the 
fact that the sign of Ty determines 
which. The calculus demands that the 


Let the length of the beam be /, and 
the distance of the point of application 
of T below the center of gravity of the 
end of the beam be fh. Then if zx=0 
y=A, and 
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CG 
20,4 


& 

Ah= = 
Cc 

20,4 


C 
= i Ah 
2 


C, " 
Ht 
») 


B= r ¢ ‘) —~Ahne 


( 


The value of C, from this, introduced 


above, gives 


B 
+ Ahe 


(. 


the values of 


n 

Ay+Be= 
. nt 
é 


—rt 


+¢ 


Restoring 


== —(P ~The " onal 


4é 


al 
L ¢ 
=m (17) 

This equation expresses the relation 
between x and y for the equation of the 
curve of the’ axis of the beam, that is to 
say, of the curve AOB, Fig. lorla. The 
maximum deflection of the beam is y,—/ 
for a==l. 

Also (17) is so arranged as to give the 
moment of the applied forces for any 
point, the first member being the same 
aus (16). 

If x=0 y=/ as it should. 

The maximum moment of strain for 
the whole beam is evidently at the fixed 
end where «=/ and y=y,. Hence, by 
reduction, 

Ps —nl 
("— 


Ty,-—P/= ieee 


)-27% 
—nl 


na 
j 


TS 


—_ Mimax- 


(18). 
When A= 0; 


—nl 


nl 
P\e —e 
4 —nl ( 


n “nl 
e@ +6 
Vor. XXVI.—No 


Ty,-Pi=— =Mmax. (19). 


5—29. 
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with A restored and P 


2T/ 


nl 


=O 


79, (20). 


+¢ 


nt 


‘ 


Evidently the resultant of T and P 
might be substituted, and be considered 
as a single force acting obliquely. Con 
versely any single force acting obliquely 
at the end of the beam could be resolved 
into components corresponding with T 
and P. 

If we imagine this resultant 
the end of Xk, its prolongation 
intersect the beam when / is dow 1, 
This point of intersection would evi- 
dently be a point of contrary flexure at 
which the moment would be zero. The 
point could be found by placing the 2d 
member of (17) =o and solving for «. 
This point would be a nentral point 
an S shaped curve, 


ne 


W ould 


tC at 


- 


L ? 


II. Let the condit (Ons Le in se CL 
cept change T to a push. 

This would seem to be met by chang- 
ing the sign of T, but this makes all the 
expressions in case I imaginary. But 
it may be rationalized as done in Prof. 
Wood's Stre niyth of Materials, p- 301, 2d 
ed. But if we change the sign of P in- 
stead of T, the relation of signs of T and 
P is right. In applying equation (19) 
with sign of P changed, we will obtain a 
negative result for y, while when P is 
positive y is positive. Hence the con- 
ditions for this supposition are as shown 
in Fig. 3, with no essential change. It is 


as 


Figure 3. 


simply case I turned over. The moment 
obtained from (19) is the same numeric- 
ally for P + as for — which is evidently 
as it should be, while for T changed in 
sign it would be greater. 

Hence, changing the sign of T, our 
equation of moments for this case be- 
comes, as evident from Fig. 4, for the 
origin of moments at C and of co-ordi- 
nates at A. 


Dy _ 
dz 


el —Ty—Pz=M (21) 
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-. This may be etaanttet by aid of equa- | when h=o 
tion (15), as the signs are proper to it, | Pp 
where. —Ty,—P/l= a tangn/= Memes ° (24). 
T P 
A=—=7’ B=— D=o F=o0 When / is restored, and P=o 
eI él 


cosrl 


es a III. Zet the beam be conditioned as 


x 
| s | represented in Fig. 5, viz.: fixed at one 
end, free at the other, with a load P and 
a pull T at the free end, and a uniform 
Hence the integral 1s | load over its length. 
Let w = distributed load per unit 


—Ay—Be=4/Fsin (@,/A +C,) \length of beam. 
ys 


Figure 4, 


= Cyin (mx +C,) | 
| _S 
For «=e let y=A and Ala 


—Ah=4/ Osin ©, P Figure 5. 
A 
—~Ay—Be= __Ah sin(na +C.) | Then the equation of moments will be 
: sin C, , . 
a’ wa 
Differentiate and, a Yu- y—P2—— . . . (26). 
ol dy B Ahn S 


q.—-B= “dad. cos(na+C,) | Hence 


+Ay+Be+D2’= S 
dy _ 2 


de Ce 2D. 2D* -n 
B=Ahn(cos nf cotC, —sin ni) IC x Ton e 


=o for z=1 


n 
| where 

Jot C,= ~_ +tang nl | a = B P D w 

=? = = = —— 
“Ahn cos nl r ioe A oS | 

B sin nx | ‘To determine the constants of integra- 

|tion make z and y zero for the point A. 

This gives 

—Ah (1+ tang nx tang ni) cos nx} Cc 2D 2D" 


Hence 
—Ay—-Bze=— 


n cos nl 


or, restoring the values of A, B and n, we | 200° 27 n2* Cn 
get the general equation of the curve | 
of the axis of the beam, also the moment | 
at any point. 


| Introducing this, differentiating, and mak- 
td 
jing =o for «<=1 we get 
aL 


>» - 


ee B+2Dl+= 


n cos ub 

TA(1+ tangretangnl)cosnx=M . (22). | | = 

The maximum moment of flexure oc-| ( +e , 
curs where x=/ and y=y,, which is are c 
h | which introduced, gives us the following 

| general equation of moments, and of the 

cos! curve of the axis of the beam T, P andw 
Moras . .  (28).| being restored. 


P sinnz: 
| 


—Ty,—Pl= —* tang nb— 
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In this equation the sign of P may be 
+ Or —; 
Under certain circumstances the beam | 
will be S shaped, with a point of contra| 
flexure, or of zero moment. 

To ascertain this point place 
second member =o and solve for z. 


the 


The maximum moment is evidently ob- | 


tained by making a—/. The equation 
then wil] reduce to 
nl —al 


P+wi \e —e 
— -T 


} ni —al 
é +e \ 


wl? 
Ty,—Pl- —_—— 


2 n 


w I 
aa i a —nl g = =Mimax - (28). 
n® ( y ( 


as it evidently should. Also P may be 


made zero, leaving simply the uniform | 


load and T. 


IV. Let the condition he as in Fig. 5. 
except reverse T, asin Fig.6. Then 


ay 


<= 


—Ty—Pr— ee 


Figure 6, 


Applying equation (15) for integrating 
this 
/ AC +4D* 


D2'*= x 


—Ay—Bzr— 


sin(za +C,)— 


= Pp 
Any Seg 


AD 


where 


~ Qel 


To determine the constants of integra- 


tion make z=o for y=o, and eliminate | 
the coefficient to 1st term, 2d member. | 


| —Ty—Pz- 


that is, P may act down or up. | 


(29). 


fig 


‘ wl 
since V =F" 


‘ oe aa U 
\changing P, . —w and_/,there, to 
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Then make the tangent tc the curve zero 
for x=/, and eliminate C,, as was done 
in case II., we then get 

P +wl sin ne 


cos nl 


wa 
27 
w : 
{i(1 —cos.na —sin.nctangnl) =M (30). 
The load P may be + or —. 
Making 2=/ for the maximum mo- 
ment, we get, by reduction, 
wl? P+wl w nl 
—Ty,-—Pi-— —-=- ——>, tang > 
4.— 2 ( n ? tang 2) 
(31). 
If w=o, this expression reduces to 
(24), as it obviously should. If P=o we 
have simply the uniform load w, and the 


tang n/=Mymax 


‘end thrust T. 


V. Let the beam be supported at both 
ends, carry a uniformly distributed load, 
and have a pull applied at both ends. 

The conditions are obviously equiva- 
lent in the two parts of Fig. 7, the latter 
being already solved in equations (27) 


. ’ |and (28). 
If w=o this equation reduces to (19), | 


Figure 7, 


The equation of moments for this 


cure is 


( Vy sa wla 
i rr 


wx” 


Dn . 


(32). 


Comparing with (27) we 
—w 


au 
| find the Ist member changed to (32) by 


Ww 


and ; here. By making the correspond- 


2D | ing changes in 2d member of (27) we 
obtain for the 2d member of (32) 


| é "(5 .e%G s~*) 
l = 1 
n n — 
Le ® 
|Z being the whole length, AB. 


hid 


| 
! 
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: l 
For the maximum moment x = z and 


wl’ w ( 2 
8 n® * n l —n 
( e? +¢ 
M. max. 


Et 
2 \ 


Ty,— 
(33). 


otherwise take the 


VI. Re VETSE T H 
in V. 
vA 


vf 
Hence reverse w, and take P= = 


case as 
in 
equations (30) and (31) and change / to 


l j 
= and we obtain 
sn wle wae 
- ly = ») r ») 


7. 7 
“@ ° ‘ 
- (1 —cos ne—sin nx tang Hy) =M (34). 


na “ 
Z being the whole length AB, and for the 


maximum moment x =5 


wl? w 
=— : tang 7 tang 
5 wo { 2 


M max 


ah 
ion ry,-- 


(35). 


VII. Let the beam be supported at its 
ends, with a load Q placed at equal dis- 
tances from the ends, and have a tension 


i applic d. 


Figure 8, 


Ist. Then for the part AC, the mo- 
ments will be 


Gy 


el, ~=Ty—Pr=Ty—Qe. . (36). 
OL 


comparing with eq. (13) we get 
C 

on —@é 
2C,A 


Y nz —nz 


C 
Ay + Be= =" Me 
where 
7. j — _ 
A=7{=" ——— and P=Q 
r2=0, y=o and 
vb ©, 
20,A- 2 
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‘ 


—- 
2 


na —uNr 
(. —¢ ) 


di 

Differentiate and let i 

CL 

=AC=KEG, and 
C 


1 


A tangi+B 
Tae 
A tang? 4 
VA te 


Ay + Be= . 


=tang i for z= 


Bie 
Ay + Ba = \ 


2d. For the CB, the moments 


will be 


part 


ae ; 
eI —= y+ () (a —«)-— P2- ly (au 
dx i 


where 


for a= : and 


this back in the same equation 


dy 


Put 


and make —-=tang 7 for wz=a, and 


Ax 
A tang i=-~ 


This determines C’ and C,, and the 
values placed in the integral above give 


? 
nw nyi—wzr) 
rae ) 


(41). 


na ove ) 

Now making the ordinates y, in the 
two equations, equal each other for the 
point C, where z=«a we obtain observing 
that Bu=F, (39)=(41), giving an express 
ion by aid of which tang ¢ is found. This 
value of tang 7, put into eq. (39) or (41). 
gives the required expressions for the 
moments on the parts AC and BC, re- 
spectively. 

Placing the parenthetical part of (39) 


equal L, and of (41) equal N, we get 


BL 


————d 2 
A tangi= L._N (42). 
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The maximum moment on the whole 
beam will be found at the points C and 
EF, directly under the equal Joads Q, equi- 
distant from the ends. This is obvious, 
from the fact that the moment due to P 
and Q for any part of CE is constant; 
but the moment of T, counter to that of 
P and Q, is least at C and E, for the 
part CE. As to AC, the moment is great- 
est at C. 

Hence (39) or (41) will give the 
moment which is at «=a 


Q 


max, 


= Max, 
If we make «=v the moment (43) re 
duces to zero, as it evidently should, as 


it leaves the beam without load. Again, 


if a=., the expression reduces to the 


same form as (19), P and / there, being 
} 
° f . e 
equivalent to Q and | here, a fact that 
verifies all complex and extended reduc- 


tions of this ease. 


VIII. Zet this leam 
the sanre VIL., « 
as shown in Fig 9. 

The expression for the 


c mditione d 


be 


as in veept reverse T, 


moment on AC 
Is 
(oy , 
‘ der oS 


where 


Figure 9. 


Hence Ist by (15), making «=o for y=o 
ly t : t 
—-=tang 2 at r—a 
le > 

=AC= EG for the other constant. 


7 ¢ 
for one constant, and 
¢ 


' : sina 
(/ Atangi + B) 
cosna 


~Ay—Br=— (45). 


WROU 
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the eq. of the axis AC, and of moments 
for the same. 


2d. For the part CB, moment= 
dy 


el 7 = —Ty—P2x+ Q(a- a)= —Ty —Qa 
da 


where 
T Qa 


A= y=" r= = 


Pa 
“gl 
dy 
dx 


Applying (15), first making o for 


l ’ 
«x=,, for one constant; then making the 


same equation =tang / for 2 


other, we get 
sin( nx + 


—Ay—F=— 


cos( na = 


a, for the 


/ A tang 7 


(46). 


Then equating the ordinates y, from (45) 
and ‘46) for ,=a, observing that Bu=F, 
we get the expression containing tang. /. 
Substituting it in (46) we get the general 
expression of moments for the part CE, 
also the equation of the curve of tie axis 
of that part, 


Q 


7 


—Ty —Qa 
5 — n!) 


{7 (‘ ) ) (3 
. -a4@) »—tanvi.cos < 
) 5 7a es } co ) i 


-M 


tanga.sin( ». r+ 


@ this becomes 


tang 20 


” \ 7 / 
1—tangracot- —n( —a) { 
{2 2 \ 


M, 


: l 
‘or 27=-ad= 
i ra ¢ 3 


we get 


l 
— —tangv 
n “ 


Minax . (49). 
(49) being greater than (48). This agrees 
with the indications of Fig. 9. 

Equation (49) is the same as (24) as it 
evidently should. 

If a=o the moment reduces to zero, 
which the figure shows to be correct. 
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IX. Let the beam be supported at the 
ends, be under tension 7), and loaded with 
Q applied at any point. 

Ist. For the part AC we get, origin of 
co-ordinates at A, 


UY _m,, po 
7anty Pz 


Figure 10, 


Applying (13), observing that for «=o 
dy 
de 
tang 7, for z=a for the other, and re- 
ducing we get 


y=o for one constant: and that 


naz —n7x 
rm MJ 
T.tang i—P \ ¢ <€ 


“na —na fl 
Le +e | 
From the figure P/=Q(/—a) 


P=Q(1-*) 


Ty—Pzx= 50). 


7 


(51). 


. L 
If in (50) we make a= 5 we have tang 
= 


i=o, and introducing P, (50) reduces to 
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or for equations of the curves of the axis 
of the parts of the beam. Thus the con- 
| ditions of the beam are completely de- 
termined. ; 
If we make the parenthetical part of 
| (50) and (52)=L and N, respectively, we 
| find, for x=a, in L and N, 


L a 
this reduces to o as it should. 


i (53). 


tang /= 


w(TN 
| l 
For a =53 
| In seeking the maximum moment we 
| suspect that when Q is near A, or B ata 
| particular point, the combined moment of 
|T and P may possibly have a maximum 
between Q and the remote end, because 
|that due to T varies as the ordinate 

y 
jand P with z But the mathematical 
|test applied to (52) develops no such 
j}max. Hence the max. is always at the 
| load Q, and can readily be found at 
}c=a. 


| &. Let the conditions be the same «as 
|in IX. except reverse T, or put the beam 
| under compression, asin Big. 11 


the same as (19) and (43) for like values | 


of «, and P. 


Figure I, 


2d. For the part BC with some reduc- | 


tion, 

5 ae 
dx 
Applying (13) again, observing that 


eI ryt wee —Qa 


dy 7 
for z=1 y=0, anc “! — tang ‘, for z=a, 
° dx 
and reducing we get 


Qu 


j zx—Qa= 


Ty + 


n(2l—x) , 


=n ( (52). 


n(2l—a) 


na 

T.tang 7+Q—P \ 
oo ca ) 
ée +6 
This equation reduces to the same as 


(50), (43) and (19) for like values of P, 


by making a=5 ; except (52) will have | 


the negative sign, as it should, since its 
moment at C should oppose that of (50). 

Now make z=a, and equate (50) and 
(52). This determines tang 7. This can 
be restored to (50) and (52) for moments, 


Ist. For part AC 
d’y 


CL 


el = —Ty—Pzx 
| where 
l—a 
P—-Q— 
. l 


Integrating by aid of (15), making « 
dy 


and = 


and y=o for one constant, z= 
} ar 


| tang 7 for the other, we obtain 


| —Ty—Px=— = mong +e + P pecteoel (54). 


n cosna 
2d. For the part BC we have 

Py _ 
ae 


Applying (15) and make 2=/ for y=« 


AS4 = —Ty—(P—Q)e—Qa 


di ; 
| for one constant, and <= tang jat ama 
€ 


| 
‘for the other, and reducing we obtain 
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—Ty—(P—Q)x«—Qa= 
T tangi+P—Q sinn(/—z) 
cosn(i/—a) * 


‘ry 
v0). 
2 \ 


Equating 2d members of (54) and (55) | 
for tang ¢ at «=a, and then replacing it; | 


the same equations become, for AC, 
—Ty—Pxr= 
Q 


nr sin na 
‘1+tangnacotn(/—a) cosna 
and for BC, 
--Ty—(P—Q)e—Qa=— 
Q 


n 

1+ tang nu cotr(/—a)  cosn(/— a) 

which are equations of the axial curves 
and of moments. 

These reduce to the same as (49) for 


sin 2(7—2) 
v=) (67) 


e=a=5, also to (24) for proper value of 


/. Thus (56) becomes 


Stang =Mmax . (58). 
the same as (48), observing that Q in 
(48) equals 2Q in the above. 

In looking for the max. moment, we 
observe that when Q is near A, the mo- 
ment will without question increase from 
A to C, because the moment arms of both 
T and P increase together. Also the 
moment of the reaction of the support 
B will increase from B to C. But the 
moment of T is greatest where the curve 
of the axis of the beam is lowest, and 
this is between Q and B. Now when T 
is great and P small, particularly when T 
is sufficient to hold the beam in the 
curved form, the maximum is plainly 
seen to be somewhat removed from Q 
towards the middle of beam, but in no 
case beyond the middle. 

The 2d member of equation (57) is the 
expression for the moment of flexure of 
BC. Hence the moment varies along BC 
as the ordinates of a sinusoid the max. 
value being where sin. n(/—x)=1, or 
where n(i—2')=>. Hence 
, 


Ya 
r= 


4 
1 ~ Onl 


is the fractional part of the beam's| 


length at which the moment may be a 


(56), | 


maximum, and where it will exist, in case 
BC has a less value. At 2=/, or at B, 


).; the sinusoid starts, and overspans the 


beam length AB, as appears from the 
fact that when x=o0, the value of (57) is 
still considerable, and positive. To find 
the springing points of the curve, 
place 
sin n(l—x)=0 
giving 
n(l—x)=0 or=7 

Hence 


e=l, or=l—" (59). 
n 
and the sinusoid is BED, for the beam 
AB, Fig. 12. The max. is at H when 
1 


AH=/--= (60). 
all 

equations (59) and (6V) show that BD is 
twice BH. Suppose n=.01 and /=200. 
Then AH=43. and AD=—114. 





H 


Figure (2, 


The figure shows how the max. mo 
ment may occur at H when Q is at C, 
the curve AE being the sinusoid of eq. 
(56). 

Similarly it may be shown that another 
point H’ exists where BH’= AH. 

Now when Q is placed between H 
and H’, the max. moment is at Q, but it 
is at H or H’ when Q is outside those 
points. 


XI. Let the beam be fixed at one end, 
supported at the other, under compres- 
sion 7, and loaded with Q at any point. 
Take the origin of co-ordinates at A, y 
positive downward and Ac=.. ‘Then 

1st for the part AC (Fig. 13) 


Py _ 
da? 


él —Ty— P(/- x) + Q(a—z) 


—Ty—(Q—P)x—(P/—Qa) 


Integrating by aid of (15) we get 


/ ‘ 
—Ay—Bzx—F =— AG sin (na —C,) 


ys 


| where 
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T 
el 


> 
—7? , Q-I yt l—Qa 


A- Al a 


Figure 13. 


For x and y=o we get 
- F 


4 
sin C, 


iL) 


if dy : 

anc for7. -y9 for z=o0 we get 
, B 

cot C, = = 

ni 

Hence 


—Ay—Br—F 


> 


sin 722: 
4t 


—F cos na . (61). 
and 

—A tang i—B 
2d, For the part BC 


cy» 
a =—Ty—P(/—2) 


-—B cos na+ nF sin no 


= —Ty aad Pz— P/ 
Hence by (15) 
/C 


a Ay — B’a—F’= sin (na+ C, ) 


where 


also 
’ - a, a ? 
Bi+fF —o9,.B—B aad a(B-B )\=(F’-F) 
For «=i, y=0 and 
/C’ 
ut 


C’=—nl 


-B'i-—F'= sin (nl+C,')=0 


‘ 


ean Ay ie. ¥" = ¥ C sinz(a:—/) J (62). 
vt 


and 
—A tang i—B’=,/(@’ cos n(a—l) 
Equating A tang ¢ for z=a, from Ist 
and 2d and ,/@’ is determined, its value 
being 
_.._ B—B’—Beoos na+nF sin na 


ve - cos n(a—Z) 


But in the present case P is as yet an 
unknown quantity, from the fact that Q 
is partly supported by the stiffness of 
the beam at A,and partly at B. We 
may, however, eliminate P by aid of the 
condition that the ordinates y from Ist 
and 2d are equal at «=a. 

iquating the ordinates y, 
after much reduction, 


we find, 


P sin n(l—a)+na cos nl—sin nl 


Go 
or P=Qzy. » + « COB). 
If a=, P=Q; and if a=o, P=o; 
which are obviously correct. 

The equation of the curve of the axis 
of the beam for AC, also the moment of 
flexure, will be 


—Ty- Q(9(—«) — (a—z)) = 


ni cos nl—sin nl 


o— 


_ Q((g?—«) cos na — / 


Similarly we have for BC 
—'| y¥—Qq(/ —2) 


) ; 
—Ai1-< —q) cos na+ n(gl—a)sin na) 
n 


sin nz) (64) 


+e 


sinz (7—ar) a 
-—_—_-— (65). 
cosz(¢/—«a) 

An inspection of the figure shows that 
there will always be a point of contra 
flexure in the beam, or where the mo- 
ment of flexure will be zero. 

Trying (64) for this point, placing the 
2d number = 0, we obtain 


(1—q(tang ne—n(a— ql) 


(1-9) 


1—g 


tang nv=na 


in which 2 locates the point of centro 
flexure, and a the load. There is most 
doubt as to the relation of « and a@ when 
these quantities are small. When very 
small the tangent approximates the are, 
when the fraction to na is less than 1, 
which makes 2 less than a. 

Trying (65), the 2d number =o when 
sin n(l—a) =0, o1 n(/—x):=0, a, 27, &e. 
But 2=/ when n(/—2x)=0 

e=—I—~ when n(l—x)=7 
Vt 

But according to eq. (59) and Fig. 12, 
xin (65) has no value within the limits of 
the beam for a varying from o to /. 
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Hence we conclude that the point of 
contrary flexure is always between the 
load Q, and the fixed end of the beam, 
and it is difficult to tell which the 
_greater except in particular cases. 

The point of maximum moment is to 
be found where the 2d member of (65) is 


a maximum. This occurs where 


is 


s51n n(l—a)=1 or nl --?\— 


WT 
r=l— 
5) 


mili 


(60). 


if we ignore u. But considering a, it ap- 
pears that the max. moment of flexure is 
always at Q, except when « is =, or less 
than « in (60); conditions identical with 
case X, as regards the one point H, Fig. 
12. 

Either member of (64) makes the mo 
ment at A where # and y=o 

=_ Q(gl— a) (66). 

But where «=a, the other limit of 

for this « xpression, the moment is 
-Ty —_— Qy(/—a)= 


2 


Q 
Oe 
and it is difficult to tell which 
greater, except in particular cases. 

An inspection of figure 13 shows that 
if the compression T can be great enough 
to hold the beam in a curve while Q is 
zero, the force P will be reversed. Now, 
if Q be given some real positive value in- 
creasing from zero up, it will eventually 
make P =o. But by (63), when P= 0, 
g=o. Henceto find the relation be- 
tween T and Q for this, make g=o in 
(64) and (65.) 


XIL. Jake the 


exrcept change T to tension. 
4 


(n(ql- a) COs 71a —(g—1) sin na(67). 


the 


is 


sm 


conditions as in 


— . 
i er 


Cc 


Figure (4, 


Ist. For the part AC, origin of co-or- 
dinates at A, and y positive downward, 
v? : 
: vs + Ty +Q(a—x)—P(l—2) 


eI — 
dx* 
=Py—- (Q —- P)x+ (Qa— P/) 


Integrating by aid of (13) and determ- | ypere P= P + 


ining the constants by the conditions z 


WROU 
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° dy 
=0, fory=o, and —=o for x=o0 we get 


da 
an equation of the curve of the axis of 
the beam AC, and also the moment of 
flexure 
Ty—(Q—P)a—(Qu—Pi)= 


Qa-— si - ‘) 


9 
(o-<")=™ 


But P is here an unknown quantity, 
and is to be found as it was in XI. 
2d. For BC 
Py 
el 


da? 


Q-P 


2n 


. (68). 


=Ty—P(l—z) 
Ty 4+ Pae—P/ 

be integrated by (13), for 
Ey giving value to one constant. 
Then place tang ¢, for the point C equal 
the same from (68), making known the 
second constant. Then equate the ordi- 
nates y for the point C, by which to de- 
termine P. The work is too tedious to 
detail here, but the result is 


P 


which may 


‘. y=0; 


—ni/ 


as 


” 
+nale 


ni 


a) 


—n 


tnlle + ) 


(69). 
when a=o, 
for 


When a l Pp = Q), and 
P=O: which are correct 
points and verify the result. 

The maximum moment of strain for the 
whole beam, and under all conditions is 
probably at A, asit is at this point for 
the case that T=o. The probability 
seems to become a certainty from the fact 
that when T exists, its moment, which 
is counter to that of Q, is greatest where 
the deflection is greatest, or at interme- 
diate points. 

XIII. Let the beam be fixed at both 
ends, be under tension 7' and have aload 
(/ at the middle, and a uniformly dis- 
tributed load. 

Ty 
dx" . 


these 


el =Ty+ <"* +P (r+2) 


ox” 
=Ty+ 5 +(P,—P)2+P,¢r 
wl Q 


» ») 
= _ 
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Integrating by aid of (13), and observ- | ; Z 
erating by aid of (15), an: At the middle of the beam «=~ and 


. ay 
— =e hat — = 09, ‘ 
ing thet for o=0, y=0, and that dz” |\the moment, for w=o, is the same as 
l (72) except the sign is contrary. 
for e—o and also for x =5' and we get, © But for Q=o; instead of (73) we have 
wl 
7 
z 
Ro —n9 
e —e 


. (74). 


The four last equations give the mo- 
ments most likely to be needed, and the 
value of Pr put in (70) gives us the equa- 
after reduction, the general equation of tion of the curve of AQ and BQ is like 
moments and of the axis of beam ‘it. 


wn, , wx uwl+Q a. +Q XIV. Zake the case as in XIII., ex- 
a a Si eee = cept change T to compressivun. 
Qanl ni i & eal 
9 = 7; Y_ em ux 
_ne nz wit+Q-¢ = | ie —Ty--Px+ > +P (r+2) 
@¢ -é-- 7 } 


Figure [5. 


=—Ty—(P-P,)e+=+Py 


nome 
ne 

In ease the load is only Q, make w =o, 
or if we have only the uniform load, | 
make Q =o and the resulting expres- 
sions will give the moment of flexure at/| 
any point in the length of the beam. | [r Figure 16, 

At the point A, the moment is a max. | 
and formed by making «=o, and y=o. 


> +7 + g 
Hence, as P,r=moment at A, we have, Integrating by aid of (15), and tl 
. ai 
wl serving that for x=0, y=o; and that ‘ 
ds 


—— na wl+Q 


oe : l 
j i On =o for x=o0 and forx= 5; we obtain 
ny —n~»e 


wl+Q 


w 
2 t+ > 2?+P r= 


— 


—Ty 


wl+Qy,. l 
a (sin nx + cot u5cos nz) 


When w=o, (71) becomes 
i l 
my -n 4 
At A, x and y=o0, and 
Pr= — Son ne + 
But when Q=o, (71) becomes P . 
t 4 Se. 4 w 


ny - _—- 

2 ; 

wle . 2n . — 
a a Sen _ ; sin n= 
2n : 2 


=e « . « (78). 


When w=o (76), becomes 





—tang n——=Mmax (77). 


l 

2n 4 
essentially the same as (58). 

But when .Q=o in (76). we have 


(78). 


on aol l w a 
Pr= on cot mst 7 i= Mimax 


This is the same as at B, where x=/. Q 
still =o 


At the middle of the beam rae, and 
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| the moment for w=9¢, is the same as (77) 
|except the sign is contrary. 


But for 
Q=o, instead of (78). 
wl w 


+ =i 


a 


(79). 
a . 
s/t 810 nS 


Thus the most needed moments are 


obtained, and the equation of the elastic 
axis of the beam is fully given, P,r, in 


(75), being made known by (76). 
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THE HIPP E 


SCAPEMENT. 


By W. R. ECKART, C.E. 


Read at the Philadelphia Session, Am. Society of Mechanical Engineers, April, 1882 


Havine for a number of years felt the 
need of some instrument for measuring 
and recording the velocity of Pumping 
machinery which I have been brought in 
contact with, professionally, at the deep 
mines on the Comstock Lode, where the 
irregularity due to long and heavy pump 
rods as well as other masses in motion 
were greatly felt, | was forcibly im- 
pressed with an article by Robert Briggs, 
C.E. (Journal Franklin Institute, 1877, 
Page 89), describing the “ Hipp Escape- 
ment” and its adaptability to the pur- 
poses I desired. 

I corresponded with that gentleman, 
and he had constructed for me in Phila- 
delphia, the escapement and driving gear 
now used (for a detailed account of the 
Hipp escapement, I must refer to his 
paper on thatsubject). But the revolving 
drum and other arranged parts of the 
instrument had to be changed, as no way 
of recording the curves of motion on 
paper could be used that produced per- 
ceptible friction (such as pencils or ink); 
and on account of the exceeding sen- 
sitiveness of the controlling spring of 
the escapement, great care was required 
in securing a perfect balance of the re- 


volving drums with ease of motion, with- | 


out the use of heavy driving weights; in 
other words, all parts of the instrument 
had to be made as sensitive as possible, 
so as to require the least. possible weights 
to produce the desired motion. 


to these points of construction, and even 
now, if the recording paper is not prop- 
erly put on the revolving drum, a slight 
excess of weight on one side of the drum, 
such as that due to lapping the paper, 
will produce a perceptible change of sound 
from the escapement spring, indicating 
an acceleration or retardation of motion, 
according as the excess is on the de- 
scending or ascending side of the drum. 
In covering the drum with paper I have 
found it desirable to cut the sheets some 
2 or + inch less than the exact circum- 
ference of the drum, and to unite the 
edges by means of a strip of paper mu- 
cilaged and lapping slightly on each 
edge. The whole joint is then thinned 
down with fine sand paper to equal 
weight and smoothness—the whole sheet 
is covered with a coating of lamp black 
from a suitable hand lamp, and is then 
ready to receive the curve of motion. 
The tracers, both for recording seconds 
as well as the velocity curve of the en- 
gine, are made of flat strips of spring 
steel, the axis of each being pivoted at 
the end on adjustable screw centers to 
prevent lost motion. By means of a 
small steel wire and weight extend- 
ing to the opposite side, the tracers 
“an be made to bear as lightly as de- 
sirable on the paper, and when properly 
adjusted the pressure is only sufficient 


|to remove the lamp black without touchb- 
‘ing the paper, thereby leaving a fine 


In the start numerous failures had to| white line on the dark back ground 


be put up with for not paying attention 


‘with the least possible interruption of 





28 
motion. The whole is permanently set 
by dipping the face in a thin solution of 
shellac. 

Instead of using a pendulum for pro- 
ducing (through an electro-magnet), the 
marks spacing seconds on the paper, 
which is the usual device, some other 
method was found necessary that would 


admit of greater compactness and port- | 


ability ; for the chronograph was to be 
used, not only on the surface where the 
pumping engines were situated, but it 
had to be adapted to underground use. 


And those who are acquainted with the | 


general arrangement of a deep mine 
pumping compartment, especially on the 
Comstock, where the air is heavily sur- 
charged with steam from the excessively 
hot water of the mines, know, that the 
difficulties to be overcome were not 
slight, and compactness was absolutely 
necessary, as the whole instrument when 
in use, had, not only to protected 
from the steam and dripping water, but 
had to be set up in such cramped spaces 
as could be found available, without any 
further preparations, and the time for ad- 
justing the instrument as a whole ready 
for use, had, in all eases to be as limited 
as possible, as the temperature in which 
I was obliged to take diagrams sometimes 
reached 110°. ‘ 

After numerous experiments, the use 
of a chronoscope (or timer), such as is to 
be had for timing horse races, was made 
to give satisfactory results. (See Fig. 
1.) ‘The method adopted was as fol 
lows: —A stand or base plate upon 
which the timer was placed had a 
brass stanchion suspending a fine plat 
inum wire directly over the second 
hand; this wire, when at rest, bore 
on a piece of platinum inserted in a 
rubber insulator projecting from the stan- 
chion, each of these wires being connected 
in the usual manner through the electro- 
magnet on the chronograph to a two-cell 
battery. A circuit was always formed, 
except when the hand of the timer, re- 
volving once every second, swings tlre 
suspended wire free from its metal 
bearing at the apex of the triangular 
notch cut in the rubber guide-piece ; as 
contact was broken every revolution of 
the second hand, the armature of the 
electro-magnet recorded the same by a 
side movement of the steel tracer resting 
on the prepared paper of the drum. 


be 
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| The suspending wire was made adjust- 
| 


able in various directions to suit the 
second hand, and when once adjusted 
the whole instrument was covered with a 
{glass case protecting it from moisture, 
land could be transported and used with 
| rapidity and without further difficulty. 

Mr Briggs states (in his paper above 

referred to) that Prof. Hilgard used a 
chronosecope for the Navy Ordnance 
Department, in which the second marks 
were 30 inches apart. I have found no 
|trouble in speeding the revolving drum 
of 6” diameter, until the second marks 
were 20 inches apart, but for practical 
use, a length of three to ten inches (de- 
pending somewhat on the engine speed), 
was all that was desired, and by use of a 
standard steel scale with the inch divided 
into hundredths, changes of motion tak- 
ing place in the ;,)5 part of a second, 
were easily read and recorded without 
trouble, aud the crossing of lines due to 
the too frequent revolution of the record 
ing drum during one stroke of the en- 
gine was avoided. The use of the small 
electro magnet,—on the tracer carriage, to 
raise for an instant the tracing pointer 
off of the drum at any desired point, was 
found necessary in determining the effects 
of elasticity in the interruption and vari- 
ation of motion, where a long line of 
pump rods was used, and was also found 
useful in fixing, positively, the exact point 
of closing or opening of the steam valves 
of the engine, independent of all refer 
ence to the indicator cards taken. 

Two drawings giving different views of 
the chronograph as constructed and used, 
are attached to this article, exhibiting de- 
tails of construction to complete what 
otherwise might be considered a defetive 
description of the instrument. 

It may not be out of place here to 
state that the instrument has been suc- 
cessfully applied to several of the differ 
ent types of large pumping engines found 
on the Comstock Lode, such as Direct- 
Acting Fly-Wheel Engites, Geared 
Pumping Engines, and the “ Davy En- 
gines;” it has also been used to deter- 
mine the motion and relative motion of 
pump rods, and pumps some 2500 feet 
below the surface engine driving same, 
and at intermediate points. -The results 
are exceedingly interesting and instruct- 
ive, and as numerous indicator cards were 
taken from the engines and pumps sim- 
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ultaneously with the motion diagrams, 
nearly all conditions of motion and pow- 
er, during the time under consideration, 
were definitely determined, and may here- 
after form the subject of other papers 
when time will permit. 

Some very important results of the 
elasticity of long pump rods are clearly 
set forth in one case: A rod ata point 
1800 feet below the surface showed a 
positive pause, while the engine driving 
it was nearly atits point of maximum 
motion, and pumps attached to the rods 
may have, and do have strokes in excess 
of, or deficient to the stroke of engine 
driving same,and to an important ex- 
tent. Hence, I think, it can be definitely 
stated that any consideration of motion 
of pumps, or discharge capacity of same, 
driven by a long line of pump rods based 
upon the motion or stroke of a surface 
engine alone, will in no way be even ap- 
proximate, unless the elasticity and ef 
fects of counter-balancing by balance 
bobs on that elasticity, is also considered. 

The effects of different degrees of com- 
pression upon the engines-and motion 
of the pump rods in passing the centers 
have been considered, and the diagrams 
clearly show the importance of consid- 
ering it in connection with the strength 
of the rods and balance bobs. 

My latest use of the instrument in con- 
junction with an engine test, has been to 
determine, if possible, the rate of con- 
densation of steam per second, in the 
steam cylinders of a pumping engine, 
where the change of motion due to each 
fractional part of the stroke was deter- 
mined. Also, a ten hour experiment 
trial, to show the economy of compres- 
sion, as compared with a ten-hour trial of 
the same engine on the succeeding day 
where no compression was used, (other- 
wise all conditions being similar), has 
been made, when changes of velocity of 
piston were determined by the chrono- 
graph. I hope sometime to make public 
the results of these observations for the 
use and criticism of those interested, af- 
ter the labor of working them up and 
tabulating them is completed. 

Whilé it is well known that a Commit- 
tee of the British Association applied a 
chronograph of Morin’s type in 1843 4, to 
the determination of the velocity of pis- 
ton for a Cornish Pump Engine, I be- 
lieve there was no application of the in- 
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strument to the rods below ground, and, 
from published records at my command, 
I am led to believe that this is the first 


application of a chronoyraph of sensitive 
construction ever made to pit work, and 
the other purposes so briefly mentioned. 


Lettered Reference to Figures 1 and 
of the Instrument. 


CC—Cast iron base plate, covered with 
sheet brass, upon’ which the 
mechanism is secured. 

B—Metal frame containing gearing for 
driving drum A, and 
ment wheel 6; motion commu- 
nicated by means of adjustable 
weights, D. 

AA—Light brass drum, accurately bal- 
anced, revolving on friction 
rollers 8, 8, at both ends. 

#f—Parallel guide bars upon which the 
tracing point A, and its car- 
riage travel back and forth. re- 
ceiving motion in one direction 
from the engine or other mov 
ing parts, through the cord P. 
passing between the bars /. and 
attached to the tracing carriage 
—the return motion is derived 
from acoiled spring in the spring 
drum C. 

ee—Small electro-magnets on tracing 
earriage for raising the tracing 
point A, off of the paper and 
replacing itat any desired point 
to be especially observed. 

¢—Electro-magnets on separate car 
riage kA, adjustable on parallel 
bars 7, operating the steel trac 
ing point g, attached to the 
armature of d, for the purpose 
of recording seconds on the mar 
gin of the paper or at other 
parts of same as required. 

‘—Chronoscope or watch support 
ed on frame X, the second hand 
of which swings the light plat 
inum wire J, breaking contact 
with the insulated wire 4, there 
by breaking circuit with d and 
recording seconds through the 
tracing point g on the paper. 

q—Adjusting screw for the wire J. 

a—Steel spring of escapement. This 
spring is securely clamped in 
Y, its flexibility being controlled 
to a certain extent by means of 
the thumb-screws o and p. 


€ SCa] e- 
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REPORTS OF ENGINEERING SOCIETIES. 


PHILADELPHIA, 


J\NGINEERS CLUB OF 

4 March 18th, 1882. 

President Rudolph Hering presented notes 
on the Resistance to Traction on Streets, giving 
results compiled from varions authors who had 
experimented on the subject. Resistance varies 
nearly as the weight, being great for heavy 
loads and almost nothing for light pleasure car 
riages. It increases on paved streets with the 
velocity and as the diameter of the wheels be- 
come less. The width of tre has little influ 
ence on hard and smoott roads, especially for 
light loads, while it has considerable influence 
on soft and rough roads, particularly when the 
load is heavy. The most economical conditions 
for traction, therefore, are a hard and smooth 
surface, large wheels and broad tires; the latter 
for heavy loads drawn on rough roads. To 
draw a load on sand requires a power equal to 
! its weight, on ordinary earth ;'), on hard 
clay 3{5, on ordinary cobble stones ;);. on good 
cobble pavements yy, on ordinary Belgian 
blocks ;',, on London blocks ,'s, on asphalt ;45, 
and on iron rails 5}, of the load. 

The economy in horse power obtained by 
using the hardest and smoothest roads is clearly 
shown. If one horse can just draw a load on 
a level, over iron rails, it will take 13 horse to 
draw it over asphalt, 34 over the best Belgian, 
5 over ordinary Belgian, 7 over a good cobble 
stone, 13 over a bad cobble stone, 20 over an 
ordinary earth road, and 40 over a sandy 
road. 

Mr. D. H. Shedaker exhibited a large and 
very complete work on ‘‘ The Art of Survey- 
ing,” by John Wing, published in 1699, and 
presented Report of Mr. Heber 8. Thompsort, 
Engineer Girard Estate, upon the extinguish- 
ment of the fire at Kehley’s Run Colliery. 

Mr. W.S. Auchincloss exhibited his averag 
ing machine, which consists of a stand with 
two uprights which support a rectangular pan 
29’ long and about 10’ wide. The edges of 
this pan are formed of tubes, which slide 
through the bearings and enclose rods forming 
counterweights. These rods are connected by 
pulleys with the pan so that, when it is moved 
in one direction, they move in the other and so 
preserve the equilibrim. 

The pan is divided into equal grooves at 
right angles to its length. 

Paper scales, graduated for various uses, ac- 
company the machine, and the adjustment is so 
accurate that the absence of ascale, which forms 
part of the balanced weight of the pan, throws 
the machine entirely out of balance. A conven 
ient series of weigbts is provided to compose the 
quantities to be averaged. We place these in 
the grooves opposite their appropriate points on 
the scale, slide the pan until in equilibrium and 
read the average at once from the scale, at the 
point of support. 

This machine was designed especially to 
average commercial accounts, and can solve 
one hundred accounts per hour and work both 
sides of ledger at once; but it is also adapted 
to ascertain average haul of earth, speed of | 
pulleys, &c. 


' 
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The Secretary presented a description of 


Defenbach’s rail joint. 

= Society OF Civit ENGINEERS 
Fie —The Socicty met at its House in 23d 
Street, New York. Wednesday Evening, April 
5th. President Ashbel Welch in the chair. 

Arrangements were made for the Annual 
Convention of the Society to be held in Wash 
ington, May 16th, prox., and succeeding days 
The introduction of a bill in Congress was an 
nounced for establishing a Commission com 
posed of persons skilled in the investigation, 
production and vse of Metallic Substances and 
other Structural Materials. The great import 
ance of the speedy passage of this bill to th 
future safe and economical construction « 
Bridges, Roofs, Floors, Iron or Steel Ships 
Ordnance and Armor and all structures i 
which metal is extensively used was forcibly 
presented. 

A paper by A P. Boller, M. Am. Soc. C.1 
ou the Mode of Underpinning adopted for th 
Croton Lake Bridge, New York City, 
Northern R. R. during the Repairs to the 
Masonry Piers, was read by the Secretary 
This Bridge was a single track, wrought iron 
deck structure, in three spans of 160 feet eac} 
with skeleton wrought iron piers or towers 
springing from blocks of masonry. The water 
was 30 feet in depth. These towers had 
legs and thus concentrated aJl the weight upon 
the four corners of the masonry. This masonry 
had been built ten years before by another com 
pany. It rested below low water upon timber 
cribs. It was tested by loading with stone lx 
fore building the iron bridge without showing 
improper settlement. The erection of th 
bridge towers and the use of the bridge som 
developed the fact that the masonry could no! 
stand the weight upon its corners and it b« 
came necessary to rebuild it. The towers being 
continuous frame works with spreading legs 
made it practicable to build inside of them a 
subsidiary wooden tower with perpendicula: 
legs. This was done, the bottom wood 
being placed so as to admit the introductio1 
of weight 20 ton hydraulic jacks. Two min 
utes work with the jacks lifted the towers and 
adjoining spans bodily. They were then sup 
ported upon 15-in. rolled beams, 200 Ibs. to the 
yard, placed in pairs, resting on the inner side 
upon timbers distributing the weight upon thi 
masonry, and on the outer sides on timber sup 
ports built up from the original crib work 
The defective masonry was then taken out and 
rebuilt. One half hour sufficed to raise th: 
structure, -throw the weight upon the crus: 
girders and resume traffic. 

No train was delayed on its schedule time 

The author criticises severely the characte! 
of the old masonry. 

The subject of the overflow of the Mississip| 
was also discussed. 

eae 


ENGINEERING NOTES. 


HE PANAMA CANAL.—The November rains 
delayed the progress of the works, and 


ane 


four 


sills 


= 
the accounts now received by mail do not give 
much of interest as the result of the labors of 
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that month. The houses at Colon for work- 
men and superintendents and their wives are 
making progress, and some are completed, as 
is the main body of the hospital. The com- 
pany has purchased another large piece of 
ground in the island of Mauzainlo, for the re- 
ception of machines, stores, &c., between their 
arrival by sea and despatch by rail. 


three barges, have been launched at Colon. 
The third excavator and two steam windlasses 
have been set up, and rails laid down tempo- 
rarily cn the newly purchased land in connec- 
tion with the railways at Folks river. Similar 
preparatory work has been carried on at other 
stations, and Lesseps City has made progress. 
New villages are being marked out at Gamboa 
and Emperador; the old village at the former 
place will be submerged when the great arti- 
ficial lake is formed. The San Pablo sounding 
has only gone 20 feet deep as yet, and has 
found a superficial layer of vezetable soil, 
under which is a_ soft argillacious tufa 
Opposite Gamboa, hard rock has been met 
with at a depth of 10 feet, and as its surface is 
sharply inclined soundings are being made to 
ascertain its slope. At the Cerro Obispo avery 
hard bluck rock has been found at 20 feet, 
which is believed to be doleritic. Meteoro- 
logical and hydrographical observations have 
been carefully carried on, but no remarkable 
phenomena have occurred. The fall of rain in 
the interior of the isthmus is not so great as it 
is at Colon, and it is still less at Panama. Itis 
supposed that the Cordilleras catch some of 
the rain clouds coming from the north, and 
cause them to discharge upon tbe Atlantic 
coast. The temperature during the month of 
November has varied within the following 
limits: Colon, maximum 31 deg. 5 min. Cent., 
minimum 20 deg. 6 min.; Gamboa, maximum 
37 deg. 5 min., minimum 2) deg.; Island of 
Naos (Panama) maximum 33 deg. 5 min., mini- 


mum, 22 deg. 
é te CANAL FROM THE ATLANTIC TO THE 
MEDITERRANEAN.—The Commission ap- 
pointed by the French Government to investi- 
gate the plan for this canal, submitted by the 
surveying company presided over by M. 
Duclere, has sent in an indecisive report. The 
proposed canal would be about 270 miles long, 
connecting Bordeaux and Narbonne with Tou- 
louse as one of its ports. Its highest point 
would be 500 feet above the level of the sea. 
It would be supplied with water from the 
River Garonne and other minor sources, and 
would admit of the passage of ships of war. 
[ts military advantages are those which appear 
most obvious; but its supporters also claim 
that it would be useful to agriculture by en- 
abling the vine to be cultivated along its course. 
They expect a considerable revenue from irri- 
gation and water-power rents, besides the ordi- 
nary tolls." The majority of the Commission 
estimate the total cost of construction at 


£56,666, 160; and while considering the work | 
practicable, decline to give an opinion as to! 


whether or not it would be worth the expense. 

The minority assert that the construction would 

be exceptionally difficult, and that the canal 
Vout. XX VI.—No. 5—30. 
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| 

| when made would be of little or no use. The 
Commission concludes its report by advising 
that more detailed inquiries should be made into 
the agricultural and commercial conditions of 
the district through which the proposed canal 
would pass, and its probable effect upon 
them. 


The | 
steam sloop Nina, a flat-bottomed lighter, and | 


ROPOsED TUNNEL BETWEEN ITALY AND 
Sicr.y.—A project for a tunnel between 
Reggio and Messina has been presented to the 
Minister of Public Works by the ‘*Societa 
Veneta di Publicha Construzioni.” The author 
of this project is Signor Federico Gabelli. The 
total length of this tunnel will be 13,200 meters, 
including the inclined approaches, or 1,000 
meters longer than the Mont Cenis Tunnel. 
The maximum depth of water over the pro- 
posed tunnel will be 110 meters, the ends of 
which, at this place, would be 35 meters below 
the bottom of the sea. The direction of the 
submarine portion of the undertaking will be 
from S.E. to N.W., between the Punta Del 
Pizzo and Sta. Agata. The inclined ap- 
proaches, 4,500 meters in length, will run par- 
allel with the shore for a certain distance, and 
then, with a curve of 350 meters radius, join 
the tunnel under the straits, which will be 
4,200 meters long, or rather more than 2% 
miles. The gradient of the inclines is fixed at 
21g per 100, or the same as that on the line 
from Turin to Genoa at the Giovi Tunnel. The 
submarire portion will have a fall of 1% per 
1,000 from the center towards the shore ends, 
in order that the filtrations of water may drain 
and be pumped out by engines, which will be 
tixed at the vertical shaft from which the 
tunnel will be driven. From a geological ex- 
amination of the locality, it would appear that 
the bottom of the struiis consist of crystalline 
rocks, such as granite, gneiss, and mica schist. 
The quatertiary formation that covers the 
crystalline rocks, both on the Sicilian and 
Calabrian coasts, is not supposed to run deep, 
and should fissures occur in the older f..1ma- 
tions, through which it is proposed to drive the 
tunnel, they are probally filled up-with clay or 
mud, so that there will be no fear of water 
finding its way into the tunnel. According to 
Signor Gabelli, the cost of the undertaking will 
not exceed 65 millions of lire (£2,600,000), and 
could be completed in six years. 


the 

Submarine Continental Railway Com 
pany, held on the 20:h January, 1882, Colonel 
Beaumont described the process of making the 
tunnel, by means of machinery designed by 
himself and Captain Envlish. He said, ‘‘ Cap- 
tain English’s and my own machine is now 
heading at the rate of 12 yards per day of seven- 
teen hours. We have every confidence that 
the machine which will next be put into the 
heading will drive at the rate of 1 yard of the 
heading per hour. If you have the same thing 
done on the French side, that will be 2 yards 
per hour, or in round numbers, 50 yards per 
day. .. The dirt that is cut by the machine 
|is delivered in the wazons, so that this ad- 
| vance is actually got by the manual efforts of 
two men only. One man is employed at the 


On TcNNEL.—At a meeting of 
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face of the machine, and another man behind, 
driving it, and these two represent the only 
manual labor employed at the machine. The 
ventila‘ion, which is of course a very import- 
ant matter, and an absolute sine gua non in con- 
nection with the question of traffic through the 
tunnel, so far as the construction of the works 
is concerned, is provided by the air which 
necessary to work the boring machine itself. 

. The amount of air which is required 
for working the machine is quite sufficient to 
keep the headings perfectly ventilated. . 
Compres-ed air is now in such a position that 
it becomes quite a measurable quantity. You 
can estimate the amount of coal you have to 
burn to move a given amount of dirt. By 
the use of compressed air, and burning one 
pound of cecal, you will move three tons a mile 
on a railway.” 


is 


\ REAT improvements and additions have 

J been reccntly completed in the drainage 
of Walthamstow, under the direction of Mr G. 
B. Gerram, A.M.I.C.E. The defects in the sew- 
erage were chiefly in the private streets. One 
of the priycipal works that have been executed 
consisted in pioviding sewers for draining 
Higham Hill, where before cesspools existed, 
which overflowed intothe brook. The level of 
the main northern sewer was above that of the 
brook, and this hxs been got over by building 
a new invert, and raising the road some 4ft. 
Gin. in height, thus makipg the approach to 
Higham Hill much easier and more convenient 
The culvert is 8 feet in width and 4 feet high, 
the invert bing curved and laid with Staf- 
fordshire blue bricks on edge, in cement, ena 
bed of concrete. This is covered over with irou 
girders, avd jack arches covered with concrete. 
The sewer recenily laid over six miles in 
length,and over 28,000 cubic yards of earth have 
been excavated. Junction pipes are laid at inter- 
vals of 30 fect and 40 feet, so as to avoid any 
necessity of breaking the sewers to make any 
connection therewith. The woiks bave been 
executed hy M ssrs. Currall and Lewis, con- 
tractors of Birmingham. The constraction of 
the surfice-water drains has prevented any 
flooding of the sewage farm during the recent 
extraordinary floods in the Lee Valley, thereby 
removing one of the causes of difference be- 
tween the Local Board and their tenant. 


Is 


——~+ae ——_ 
RAILWAY NOTES. 


r] ‘HE long-projected railway bridge over the 

| Hoozly. which will enable the Ea-t In- 
dia Railway to be run direct into Calcutta, is, 
it isstated. to be taken in hand immediately. 
The main features of the bridge 1s three wroughit 
iron girders, each 400 feet long. The co-t will 
be £275,000, and will be borne by the Govern- 
ment. 
years. 


* ae DELAWARE will, during the approach- 


ing session, introduce a bill the object of | 


th is to make the use of continuous brakes | 
on railways compulsory. 


that after the 1st of February, 1885, every com- | capacity of 2,500 tons on 22 feet draught. 
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pany shall bave in connection with each pas 
senger train a continuous brake, which sball be 
efficient in stopping the train, instantaneous in 
action, and applicable without difficulty. It 
must also be immediately self-acting in case of 
accident, capable of being easily removed, aud 
be of durable material. The brake in each 
vehicle of a train is to be susceptible of being 
worked as part of one system. The Board 
of Trade is to have power to inspect rolling 
stock, especially with a view to the use of the 


rake. 
a is estimated that 7500 miles of new rail- 
way were constructcd last vear in the Uni 
ted St»ies ; and, according to the Philadelphia 
correspondent of the 7imes, no less than 18,000 
miles of new railway are projecicd for the 
current year. A comparison of the new mile- 
age of 1881, with that of cach of the previous 
nine years shows the following result :—1872, 
73410 miles ; 1878, 3883 miles ; 1874, 2 25 miles; 
1875, 1561 miles : 1876, 2460 miles ; 1877, 2303 
miles ; 1878, 2916 miles; 1879, 4430 miles; 
1880, 5839 miles ;: 1881, 7500 miles. Capital is 
thus being set fasi in pew railroad undertak- 
ings, with greater rapidity than during the rail- 
way mania which culminated in 1872. Itis 
true that now the States are much better pepu- 
lated and far wealthier than they were nine or 
ten years ago ; they thus necd and can afford 
to provide much more ample means of commu 
nication. 
] N report on the collision 
which occurred on the 9th of Dec mbcr, 
near the Manchester Central Station of the 
Cheshire Lines Cimmitice during a_ thick fog, 
Major General Hutchinson says: ** The seed 
would certainly have been far more rapidly 
reduced, and the collision have becn mitiga'ed 
in its resu'ts or altogethcr avoided, had the en 
gine and tender as well as the train been fiited 
with a quickly acting continuous brake.” It 
has now been decided to apply air brake fit 
tines to the Manchester, Sbeffie.d and Linco!n- 
shire Company’s engines and tenders, as well 
as to the vehicles composing the train The 
Chester train was forgotten ufter it had pa-sed 
out of sightof the signalmar at West Corn- 
brook Junction, and this fact, he says, calls at- 
tention to the expedicncy of some means being 
adopted to guard ugainst this contingency He 
suggests that ‘‘in cases of this kind, whe’ ea 
train or engine is stopped from fog or otber 
causes out of sight of a signalman, the guard 


concluding his 


or fireman should be instructed to go biek to 


‘he work will occupy three or fuur | 


| & Co., 


the sigual cabin, and remain there uvtil the 
signalman is able to allow the train or engine 


| to proceed.” 


———_e-gpe—_—_—_——_ 


ORDNANCE AND NAVAL. 


XHE s.s. Jacob Christensen, which has been 
built by Messrs. Raylton, Dixon & Co., 


‘| 


| Middlesborough, to the order of Hans Konow 


of Copenhagen, has proceeded on her 
trial tiip. She is a handsume iron screw 
steamer, 269 feet long, 34 ft. 9 in. beam, 24 ft. 


It will be proposed 3 in. depth of hold, which gives ber a carrying 


She 
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is built as athree-decked steamer, having main 
deck of iron and upper of wood. Her water 
ballast is contained in a large chamber in the 
miin hold forward of engine room, which is 
also available for storage of cargo. She is 
fitted with a short poop aft, in which are com- 
modious cabins for captain, officers, and two 
or three passengers. Higyinson’s steam quar- 
ter mister steers Ler from the bridge, and she 
is fitted with steam winches and se!f-reefing top- 
sails, Her enyvines, of 150 horse power nom- 
ina', are by Messrs. T. Richar.ison and Son, of 
Hartlepool, and gave every satisfaction on her 
trial trip. 


ye rAIN Horse ARTILLERY.—In_ the 
4 Russian Army List may be found two 
bitteries bearing this description. One of these 
has been stationed in Turkestan since 1876, and 
the other (which has only recently been formed) 
isin Western Siberia. <A long article was pub- 
lished in the Artilleriesky Journa’ of October, 
1881, on this artillery, wiuich was designed to 
acco npany cavalry in the most mountainous 
districts, where ordinary artillery could not 
travel. The guns are three-pounders of the 
regulation pattern, and are mounted on mount- 
ain carriages, the trail of which is attached to 
alumber of special construction. This latter 
consists simply of two wheels, on the axle cf 
which is mounted an iron basket capable of 
con'‘aining two ammunition boxes, each hold- 
seven rounds. To the axle is atiacbed an 
ordinary field artillery pole. Four horses are 
employed, driven in pairs in the ordinary way. 
The ammunition wagon is of similar construc 
tion to the limber, but the basket is made to 
carry four ammunition boxes. It 1s furnished 
with double poles, and drawn by three horses 
abreast. All the draught horses are furnished 
with pick saddles, upon which can be trans- 
ported the guns and equipment, should it be 
necessary to dismount them for transport over 
country where wheeled velicles could not pass. 
All the men are mounted, and their saddles are 
sO arranged as to carry the wheels, poles, 
shafts, whipple trees, &c.; seventeen men are 
attached to cach gun, the corporal of the gun, 
ten vunners, three drivers, and three horse- 
keepers. Four of the gunners are considered 
as reserve, to replace tho-e who may be dis- 
abled in action. ‘Io every two guns (which 
form a section of a battery) are a sergeant and 
trumpeter, and four reserve horses, giving a 
total for two guns of thirty--ix men and forty- 
eight horses. In November, 180, a section at- 
tached to a special detachment of cavalry made 
an eight days’ march across the Kopet Dagh 
mountains. Each day they traveled fifty 
versts, and on the last day of the march eighty 
versts were accomplished. A short time after- 
wards this section took part in the attack of 
Geok Tepe, and 1s said never to have hampered 
the movements of the cavalry, but rather to 
have been a valuable auxiliary. Still the con- 
struction of the materia! left much to be de- 
sired, When the guns and carriages were 
mounted on the pick saddles the men had to 
dismount and lead their horses: and as, of 
course, this only occurred in the most difficult 
country, the speed and length of the marches 
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were limited by the endurance of the men. 
Moreover, it was only possible to carry forty- 
two rounds for each gun. The writer of the 
article proposes several modifications, which he 
considers will obviate these objections. The 
carriages, limbers, and wagons must be con 
struc’ed in such a manner as to be easily dis- 
mounted into a number of pieces, so as to re 
duce the load for each horse, and to enable the 
meu to ride instead of !eading the horses. He 
also considers it indispensable to alter the con- 
struction of the ammunition waon. This he 
proposes to do by attaching it to a limber sim- 
ilar to that of the gun. This would increase 
the number of rounds to fifty-six, whilst per 
mitting the same system of draught to be em- 
ployed as that which proved satisfactory with 
the gun. This latter could easily pass over ob- 
stacles which proved insurmountable to the 
wagon with its three horses abreast. 


ri\ue new tea steamer, the ‘Stirling Castle,” 

| built by Messrs. John Elder & Co. for 
Messrs. ‘Thos. Skinner & Co., was tried in the 
Clyde on March 17th and 18th. and guve a 
speed which shows her to be the fastest ocean- 
voing steamer inthe world. Inthe course of a 
run of six hours on Friday, she gave un average 
speed of 18.18 knots, and on Saturday six con- 
secutive runs at the measured mile gave a 
mean speed, calculated on the Admuralty 
method, of 13.418 knots, or 21,4; miles per 
hour. The aciual time taken in running each 
mile respec ively was 3 min. 13 sec.; 3 min. 
23 sec.; 3 min. 12 sec ; 3 min. 18 see ; 3 min. 
13 sec.; and 3 min. 18 sec. On the trial there 
was a cargo of 3000 tons dead weight on board 
realy for the voyage out. Her length is 430ft., 
breadth 50ft , and depth 33ft., and she revisters 
1300 tons. Ler engines are the three-cylinder 
type, aud have developed 8237-horse power. 
The diameter of the high pressure cylinder is 
62in., and the two low pressure 90in., with a5ft. 
Gin. stroke. Surface condensers are used with 
Gwynne’s ‘‘Invincible” circulating pumps. 
The boilers are of steel. and pre-ent a total 
heating surface of 21,161ft.- the grate surface 
is 787 square feet; and the working pressure 
109 ibs. to the square inch. The propeller is 
made of manganese bronze, is 22ft. 4in. in 
diameter, with a pitch of 31ft. Tue maximum 
number of revolutions at the trial was 66} per 
minure, accompanied by absolutely no vibra- 
tion, except in the immediate vicinity of the 
screw sbaft. The hull is built of steel, on 
plans approved by the Admiralty, with a view 
to national requirements, and is Cipable of car- 
rying coal for a twenty days’ cruise. Great 
interest 1s attached to the performance of tbe 
vessel, as she may be rezarded as first favorite 
in the annual tea race.—ugineer. 


CG Bronze Guns.—The German ar- 
J tillery possesses seven different types of 
weapons of this material, the heavy 9-centi 
meter and 12-centimeter guns, the short 15- 
centimeter gun, the 15-certimeter gun with flat 
wedge breech-hlock, the 9. centimeter and 15- 
centimeter mortars, and the 21-centimeter how- 
itzer, which is only now in course of construc- 
tion. The heavy 9-centimeter gun has a round 





wedge breech-block, with the 1873 pattern 
safety ring. ‘The vent tube passes through the 
tube and breech block. A special iron carriage 
has been made for fortress purposes, but the 
gun can also be used with the ordinary field 
carriage. The heavy 12.centimeter gun is of 
similar construction, but with copper fittings 
for the breech block. The carriaye is formed 
of two iron frames strengthened with ties riv- 
eted on the inner sides. Five degrees of de- 
pression and 43 degrees of elevation car be 
attained. The projectiles have five copper 
windage rings. The 9-centimeter mortar has a 
screw breech-block, in which is the powder 
chamber. The vent tube—which is vertical— 
passes through the block. No elevating screw 
is required, the weapon being balanced on the 
carriage, Which consists of two wooden frames 
secured by three bolts. On the front one of 
these bolts is the sight, and an elevation scale 
is attached to the hinder one. This carriage 
(which has no wheels) has the advantge of a 
very large base, with its center of gravity very 
low. The 15-centimeter mortar(whicb is not 
yet completed) will be similar in construction. 
No details of the design of the howitzer are to 
hand, ss the construction has not yet been 
definitely decided. 

The following are the more important weights 
and measurements: 





“ 
9-cm. | 12-cm. ES | &s 
—— Cannon./Cannon.| 95 9& 
ow 62 
Ca alo] 
Caliber in milim’tr’s 88 121 88 | 
Length of bore..... --.. |9ft. 24in.| 20 in. | 
Number of grooves 24 30 24 ~«C«*#;'! 
Weight of gun com- | | 
plete............+- 8cwt. 25% cwt.) 2cwt.| 
Total weight of gun 
and carriage..... 24 cwt. | 45 


wt. | 4cwt.| 
lb. 


e 
7 


co | 


Weight of charge..| 3.3 lb. 
Weight of common 

oS Ee 15.41b.) 35 lb. | 15.5Ib./ 39 Ib. 
Weizht of shrapnel 18lb. | 43.12 Ib. 
Weight of bursting 

charge of common } 

shell ..... -- 9.8502. | 2.27 1b. | 9.8502.'4.18]b. 
Weight of bursting 

charge of shrapnel; 8 0z. 
Initial velocity of 


common shell ...| 1480 ft. | 1433 ft. 
Initial velocity of 
shrapnel......... . 1890 ft. | 1300 ft. 


Extreme range of | | 
common shell.... 7700 on 8350 yds. 
Extreme range of | 
en Sancuiaakale ae 2750 om | 1600 yds. 


M: ACHINE Gu TRIALS. --Experiments have 

recently been made in France with the 
English Admiralty pattern Nordevfelt machine 
gun, with a view of enabling the French au 
thorities to compare its efficiency with that of 
the far heavier Hotchkiss revolving cannon, 
throwing explosive shells of over 2 lbs. weight, 
as against the Nordenfelt 7 oz. solid steel bul- 
let, previously adopted by the French Admi- 
ralty. The experiments were carried out with 
the greatest secrecy; but we (Morning Post) 
hear from Cherbourg that the French authori- 
ties are no longer so satisfied with their anti- 
torpedo boat gun, of which they have pure 


chased some 6V0, as they were prior to these | 


trials. It is asserted in Cherbourg that the 








436 VAN NOSTRAND’ 8 ENGINEERING MAGAZINE. 


Nordenfelt English Admiralty pattern machin- 


gun will be added to the equipment of several 
classes of French war vessels. The Norden- 
felt works are now turning out an improved 
shell firing gun capable of firing from 15 to 3 
rounds aminute. This gun does not weigh a 
fourth of the weight of the Hotchkiss revoly- 
ing cannon. Its muzzle velocity and penetra- 
tion are, however, vastly superior to anything 
of the kind as yet produced, and the recent 
trials made at Portsmouth by the Admiralty 
have proved that this gun is far superior in 
every way to the Hotchkiss revolving cannon, 
The Austrians recently used their Nordenfelt 
naval guns, throwing 7 oz. solid steel bullets, 
avainst the insurgents with good effect. But 
firing such projectiles at men scattered over a 
large extent of country is somewhat similar to 
firing heavy ordnance solid shot at sparrows. 
Explosive shells are required on such occasions 
and when the guns have to be worked on land, 
in a mountainous district especially, the light- 
er they are the better. The Hotthkiss revolv- 
ing cannon weighs somewhat over a ton, the 
Nordenfelt shell-firing gun under five hundred 
weight, a difference in weight which renders 
the latter gun by far the most serviceable. 


————_. > —__—__ 
IRON AND STEEL NOTES. 


kK = Works at Essen.—This estab- 
lishment was founded in 1810 by the 
father of the present proprictor, and in 1848 it 
employed 74 workmen. At the present time 
about 17,000 persons are engaged. beg are 
at work 1,542 furnaces, 294 boile rs, 82 steam 
hammers varying from 2 cwt. to 50 tons, 310 
steam engines of from 2 to 1,000 hor-e power 
each, giving a total of 12,000 horse power, and 
1,622 machine tools. In addition to this there 
are 14 blast furnaces, producing 6Q0 tons of 
pig iron in twenty-four hours. The average 
daily consumption of coal and ccke (including 
the blast furnaces and several steamers) is 2680 
tons. The transport of the material used in 
the works employs 23 locomotives, 767 wagons, 
running on 42 miles of track, 50 herses, and 
206 carts, while communication between the 
various dc partments is maintained by 43 miles 
of telegraph wires, with 35 stations. The 
mines belonging to the tirm consist of 4 col- 
lieries, 547 ironstone mines in Germany, and 
a Jarge number in the north of Spain. Their 
daily output is 3,000 tons of coal, 1,600 tons of 
iron ore, of which 1,200 tons are raised in Ger 
many. ‘Thetranspoit of the Spanish ore oc- 

cupies five steamers belonging to the firm, with 
a tonnage of 7,800 tons.—London Mining 


Journal. 


7 MANUFACTURE OF Sort STEEL.—At 

Redbrook Works, Monmouthshire, on 
Friday last, in presence of an influential gather- 
ing of tinplate owners and others incerested in 
the trade, some experiments were con r~ din 
the new converter, patented by Mr. T. Griffiths 
of Blaenavon, which is intended for the pro- 
duction of soft steel suitable for tinplate. It 
is a fixed, upright converter of very simple 
construction, and costs very little in com 
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parison with the other steel-making plant. 


The chief novelty lies in the arrangement and | 


construction of the tuyeres, coupled with the 
use of low-pressure blast, 4 Ibs. to the square 


inch. The steel] made was of excellent quality, | 


and some plates were shown made from a 
former blow, which were everything that 


could be desired and free from streaks or} 
spots. It is admitted by most authorities that | 
steel is suitable for nearly all purposes to} 
which iron has hitherto been applied. We} 


have an exemplification of this in the manu- 


facture of tin bar and soft steel bars, produc- | 


ing less waste and cleaver plates, so that this 
converter should find favor with plate makers 
on account of its low cost. simplicity, and the 
excellent quality of steel.—ZLondon Colliery 
Guardian, March 10. 


ry \ue iron and steel exports from Great | 


Britain amounted last year to 3,818,338 
tons. In 1880 it was 3,787,271 tons. The im- 


ports of iron, iron ore, steel, and tin in the | 


same years were 2,587,981 tons in 1881, and 
2,779,958 tons in 1880. The value of exported 


iron, steel, machinery, hardware, &c., was | 


£42,381,662 in 1880, and £48,353,021 in 1881. 


age pee BY PREssURE.—A new method 
of tempering metals has been brought to 
the notice of the French Academy of Sciences 
by M. Ciemandot. It consists in heating the 
metals to a cherry red and then compressing 
them strongly aad maintaining the pressure 
until, they have completely cooled. Metals 
thus treated acquire a great hardness and so 
fine a grain that when polished they resemble 
nickel. Compressed steel, ltke tempered steel, 
takes the coercive force which yives it the 
property of being permanently magnetized. 
As regards the duration of the magnetism, M. 
Clemandot states that the magnets of the 
Gower, Bell, and Ader telephones made of this 
new stec] several moths ago have thus far pre- 
served their force. As in ordinary tempering, 
M. Clemandot thinks the new process produces 
an amorphism in the metal; and he points out 
that it will now be possible to graduate a tem- 
per by graduating the pressure appliec. In 
experimenting with different steel he finds 
those of Allevard always the best for magnetic 
purposes. Elliptical bars of steel seemed to 
take ihe pressure in all their parts, and showed 
a uniform fracture thoroughout. M. Cleman- 
dot’s interesting discovery is likely to prove 
useful in the arts, and to open upa new field of 
study to electricians and metallurgists. 


+ ae Future or Iron.—The following pass- 
age, taken from an. article on ‘‘ Dephos- 
phorization in the Converter,” by M. Walrand 
(late manager of the Creuzot Steel-works, 
now of the Valenciennes Steel-works), which 
appears in the recent issue of the Revue uni- 
verseile dex Mines, deserves attention, as show- 
ing the views of a practical man on the im-! 
mediate future of iron. M. Walrand observes: 
—‘* Those who are occupied in the manufac- 
ture of Bessemer steel know how difficult it is 
to obtain with regularity the extra soft steel | 
employed for boilers in the French navy. | 
Such metal appeared only to be made in the 





| Martin furnace, and even then it was necessary 
to employ picked material in its manufacture. 
But by the new Bessemer dephosphorizing 
(Thomas-Gilchrist) process steels of an extra- 
ordinary degree of sofiness can be obtained 
with the greatest facility, and at a price less 
than that of ordinary rail steel. By treating a 
pig containing from 1.5 to 2 per cent. of man- 
ganese, we obtain, after the decarbonization 
and depbosphorization is finished, a nop-oxy- 
dized metal which does rot contuin more than 
traces of carbon or manganese. If it be de- 
sired that the steel should be entirely free from 
any tendency to redshortness, we may add 
from 025 to 0.50 per cent. of a rich ferro- 
manganese to remove any traces of oxygeniza- 
tion. The only precaution to be taker to ob- 
tain a soft steel is to choose pig (if direct work- 
ing be employed) which contains sufficient 
manganese (with 2 per cent. as a maximum) or 
| to make a suitable mixture of pigs if cupolas 
be eraployed. But this will be by no means 
the only outlet for depbosphorized metal, for 
up to the present time the high price of soft 
steel has been the great obstacle which has pre- 
vented many people from employing it in con- 
|struction. But, by the new process, soft metal 
can be produced at a less price than ordinary 
(puddled) iron; there is, therefore, no longer 
any reason (apart from routine) why sieel 
should not be employed in all cases in place of 
iron, to which it is so much superior in 
strength.” 
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J VER Society oF Crvit ENGINEERS. 


A MERICAN JOURNAL OF MATHEMATICS. — 
Baltimore: Johns Hopkins University. 


FT \RANSACTIONS OF THE AMERICAN INStTI- 
TUTE OF MINING ENGINEERS. Advance 

sheets. 

R*y ON A WATER Suprpty ror New 
YORK AND OTHER CITIES OF THE HuDSON 

VaLLey.—By J. T. Fanning, C.E. 
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A 8 SysrematTic HANDBOOK OF VOLUMETRIC | 
Ava.yses.—By Francis St utton, F.C.S. 


Fourth Edition. Philadelphia: Pres 
iston. Price $5.00. 

In the interval between the exhaustion of 
the third edition of this valuable book and the 
appearance of the fourth, the demand for the 
book was such as to bear strong testimony to 
the high estimate placed upon it by cheinical 
students. 

Tais edition is an improvement upon the old 
by reason of extensive revision and addit‘ons. 

The author's methods are known and u-ed 
wherever there are analytical chemical pro 


cesses, 


Sey PoWER OF THE ELECTRIC 

By Pacer Hiees, LLD. New 
BE. & F. N. Spon. Price 75 cts 

This isa good enough book, what there is of 
it, which is very little. The little will prove at- 
tractive to a large number, because it relates 
so directly to one of the most important ques- 
tions of public and also of domestic econ. 
omy. But weare inclined to believe that the 
buyers everywhere will feel that both author and 
publisher have rated the essay above its value. 


M USICAL i 
A HOUSE. 
$3.00. 

This is a book for students, and presents in a 
an able manner all that the average student 
needs of the larger works of Helmholtz. It is 
well arranged and fully illustrated. 


ley Blak- 


Lient. 
York . 


Broap- 
Price 


By Joun 
Wm. Reeves. 


ACOUSTICS. 
London: 


ON HypRAULIC 
ENGINEERING. 


PRACTICAL TREATISE 
AND WaAtER-SuPPLY 
by J. T Fannino, C. E. Third Edition. 
New York: D. Van Nostrand. Price. $5.00. 
This treatise is too well known to require an 
extended notice at this time. The fact that a 
third edition was demanded is sufticient evi- 
dence that the work is widely appreciated. It 
has long since become'a familiar standard for 
reference. The three sections of the work 
are: 
The collection and storage of water and its 
impurities. 
Flow of water 
channels. 
Practical construction of water works. 
Exch of these is a complete practical treatise 
in itself. 


through sluices, pipes and 


ELEMENTS OF MopeRN Tactics. By 
M.A. Third Edi- 
French & Co. 


r[ He 
X WILKINSON J. SHAW, 
tion. London: Kegan Paul, 
Price $3.50. 

This forms the second volume of ‘‘ Military 
Handhooks for Officers and Nou-commissioned 
Officers.” 

The value of the book is enhanced largely by 
the excellence of the illustrations. 

The separate chapters present in order the 
following topics : 

In'roduction—Functions of the three arms— 
Security and Information—Reconnoitering— 
Attack and Defense of Cavalry—Attack and 
Defense of the three arms—Re ir Guards. 


The book is of convenient size, and is well | 


printed. 


ENGINEERING 


MAGAZINE, 


MISCELLANEOUS. 


le DEPHOSPHORIZATION PROCESS -- Doubts 

have recently been expressed as to the 
commercial success of the Thom is-Gilchrist 
dephosphorizing process, and it bas been es- 
pecially emphasized that the use of hematite 
ores has not been restricted by the basic pro- 
cess, but that, on the contrary, those ores are 
still largely employed. Tothis it has been re 
plied that even the inventors of the new pro 
cess have never dreamt of entirely superseding 
the Be semer process by theirs; and Mr. 
Brauns, at a recent meeting of the German 
Iron and Steel Institute, expressly stated th: at 
the acid process, wherever suitable ores are ob- 
tainable, will keep its own as against the basic 
process As to the commercial success of the 
latter process, Mr. Thomas in a recent leiter to 
us, cited facts which set at rest all doubts on 
the poimt. The Zysener Zietung, arguing in 
support of that view, says that from those un 
deniable facts, it is evident that the commercial 
success of the dephosphorization process can 
no longer te denied. The apprehension, how- 
ever, that the few German orcs containing lit- 
tle phosphorus could! be depreciated in value, 
is, according to our contemporury, entirely 
groundless. Already at the meeting of the 
German Iron and Steel Institute atove referred 
to, attention was drawn to the fact that the 
manyaniferous spiegeleisen of the Siezen dis 
trict is as valuable for the manufacture of 
Thomas steel as of Bessemer steel. This value 
can only increase with the extension of steel 
making. 


ELECTRIC SPARKS.- 
great 


a POTENTIALS OF 

Sir William Thomson has made a 
many experiments on the difference of poten- 
tials corresponding to electric sparks of differ 


ent lengths ac TORS the air; but, a recent investi 
gation of M. J. B. Baille on the same subject, 
but with somewhat long: r sparks, furnishes 
results which are not quite in agreement with 
those of Sir William. The potentials of the 
latter physicist corresponding to sparks of a 
certain length are slightly less than those ob 
tained by M. Baille for the same length of 
spark, and the discrepancy is attributed by M 
Baille to Sir William Thomson having used a 
conductor which was constantly discharged by 
a continuous srries of sparks, so that the poten 
tial was continually varying very rapidly, and 
only an intermediate value, somewhere _ he- 
tween the maximum and minimum, could be 
obtained. M. Baille, though emp'oying an ab 
solute electromet-r to measure the potentials, as 
did Sir William Thomson, took care to keep 
the difference of potentials constant during the 
measurements, by using a condenser that only 
gave sparks at long intervals. ‘The potenti: ul 
was thus a maximum slowly attained, and the 
attraction also became a maximum at the mo- 
ment of sparking. His results show generally 
that the potential of an electrifie:! pla! e in- 
creases »]most regularly with the sparking Gis- 
tance. The electric densities corresponding to 
different sparks decrease at fitst slowly and 
soon arrive at a constant value as is already 
known. The pressure exercised by the elec 
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tricity on the air at the sparking moment for 
a distance of one centimeter is ony g,'g5 Of the 
atmospheric pressure. We may add that the 
difference of potentials, as found by M. Baille, 
for a spark of 0.0025 centimeters is 1.90, that 
for 1 centimeter 14 67, that fur5 centimeters is 
54.47, and that for 10 centimeters is 105.50 
units. 

“J EFLYCTED Evectric Ligur.—The experi- 
R ments which btve been conducted on 
board the Svltan at Portsmouth, with a view 
of asceriaining whether the electric search 
lights in men-of-war could be protected from 
the guns of torpedo boats by the adoption of 
reflec'ed lig'st under cover, have been con- 
cluded. Tue official trial was witnessed by 
officers from the Admiralty and the War De- 
partment aud from the local Torpedo School. 
Four different kinds of lenses were teste1 for 
purposes of com arison, the intensity of the 
electric beam being measured by a Bunsen’s 
photometer and oneof Sugz’s burners. ‘The «p- 
puratus use| were a dioptric lens,a c itoptric lens 
90 centimeters in diameter, the ordinary »bove- 
board ship's glass, which was similar in char- 
acter, but only 60 centimeters i1 diameter, and 
a refl-ctor made of Chance’s glass and silvered. 
The respective meri's of each were found to be 
in the order mentioned, the dioptric producing 
dou»le the ill. iminatiny power of the next best, 
and with an appreciable economy in cost. 


= uses Of asbestos increase every year. 
Asbestos, in the form of a felt or tissue, 
is said to make a flood filtering medium for the 
chemical labratory, as it resists the action of 
corrosive acids as well as of fire. For the same 
reason, a pair of vloves woven from this sub- 
stance is useful forbandling acids. <A sheet of 
asbestos cara covering the table preserves it, 
and also prevents the breakaye of small glass 
objects. Asbestos makes exceilent porous cells 
for agalvanic battery ; and kneade@ witb plas- 
tic clay affords » good luting for the stoppers of 
bottles. A-~bestos print. used to protect objects 
from fire, bas also been lately manufactured. 


rT dimini-hing the danger of conflagrations 
jin theatres, Signor Giovanni Abelo Martin 
recommends the following formule for ren- 
dering m:terials non-inflammable in the three 
cases below :—Mixture suitable for light tis- 
sues: Pure sulphate of ammonia, 8 parts ; pure 


carbonate of ammonia, 244 parts ; boracic ac- 
id, 3 parts; starch, dextrine or gelatine, 2 
parts; water 100 party. (2) Mixture suitable 
for scenes already painted, timber work, fur- 
niture, doors and windows, to be applied like 
paint with a brash, at a temperature of about 
140 deg. Fah.: Hydrochlorate ot ammonia, 15 
parts ; borucic acid, 5 parts ; glue, 50 parts ; 
gelatine, 1 part, water 100 parts. (8) Mixture 
suitable for cloths, ropes and straw, which 


shoul! be immersed for tifteen or twenty min- | 


utes, at a tempera ure of 212 deg. Fab., and 
allowed to dry. Hydrochlorate of ammonia, 
15 parts ; boracic acid, 6 parts ; borax, 3 parts; 
water, 100 parts. 
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a view to obtain samples which might be tested 
for their physical qualities, especially their 
tensile resistance, and by this means to ascer- 
tain the influence of manganese oniron. The 
competitors were the Gutehoffoungs Iron 
Works, Oberhausen, and R. Selhof, engineer 
of the cast steel and arm factory, Witten. No 
less than 20 iron rods were required, which had 
all to be 50 centimeters long and 40mm thick. 
The first lot was to consist of an alloy of man- 
ganese and iron, of which the carbon did not 
reach 0.6 per cent., and all other subs ances 
were not allowed toexceed 0.4 percent. The 
second set was to consist of carbon containing 
an alloy, manganese and iron, in which all 
other substances were not allowed to exceed 
0.6 percent. The chemical analysis «nd tests 
show that it is very difficult to mix alloys or 
different sorts of iron, that manganese is very 
easily oxidized and disappears frum the slloy, 
and that when the rods were worked in a 
lathe or with a plane, and prepared for the 
tearing tests, they exhibited a large number of 
spots, showing that the amalyamation was im- 
perfect. Notwithstanding ihat the resulis were 
not in accordance with the conditions, the so- 
ciety agreed to award the prize to the compet- 
itors on account of the trouble they bad taken. 
The Gutehoffnungsbutte having come nearer 
the conditions, was awarded two-thirds and 
Selhoff one-third of the prize offered. 


Wai would be the relation between the 
velocities of clouds of smoke and gusty 
wind by which they were impelled ? ‘lhe val- 
ue of the following which was sent by a cor- 
respondent to Nuture, somewhat depends on 
this question. He reports the following ob- 
servations on the velocity of the wind in the 
southwest gale on the 21st, and 22nd of No 
vember last, at Edinburgh: ‘‘ The observa- 
tions were made about 9 o’clock on the morn- 
ing of the 22d, when the wind had somewhat 
moderated: Mean v: locity, 62.3 miles per hour; 
during a squall, 61.6. These observations he 
calculated from clouds of smoke issuing from 
the chimney of the Caledonian Distillery, and 
traveling for a distance of 2108 fect, and are 
thus free from instrumentalerrors. ‘lhe chim- 
ney is 225 feet higp, and its base about 200 ft 
above the sea level: During the gales on the 
14th the recording anemometer at the Green- 
wich observatory rezistered a wind pressure of 
57 pounds per square foot, the highest ever re- 
corded there. Prof. Robert Grant, F. R. S., 
who occupies the chair of Practical Astronomy 
in the University of Glasgow, reported that 
during the violent storm which passed over 
that city on the night of November 21st, and 
the following morning, during several bours 
after the special observations commenccd, the 
velocity of the wind ranged from 16 miles to 
17 miles, but at 11 p. m. it had risen tw 80 
miles, and it went on increasing till 2 o’clock 
next morning, when the register indicatcd a ve- 
locity of 54 milesan hour, and the re»diny at 
6 o'clock was 57 miles an hour. Just a few 
minutes before 11 o'clock there was a tremen- 


~\ ome time since the German Society for the | dous gust of wind, which, measured by Osler's 


KD Promotion of Industry offered « prize of | 


2009 marks for the best manganese alloys, with 


anemometer, was equivalent to a wind pressure, 
as already meationed, of 48 lbs. ov the square 
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foot. This was confirmed by the indications 
of Robinson’s velocity anemometer, which 
showed that for a few minutes the wind was 
traveling at the rate of nearly 80 miles an hour. 


NeEw ELectrric CURRENT METER—At the 
Physical Society, on January 28, Mr. C. 
Vernon Boys read a paper on an apparatus for 
measuring the strength of an electric current, 
which, so far as we aie aware, is highly orig- 
inal. The rate of a pendulm clock depends on 
gravity, and is proportional to the square root 
of the strength of gravity. The rate of a watch 
depends on the strength of the hair spring, and 
is proportional to the square root of the hair 
spring. The force due to a current passing 
through any combination of wires and iron 1s 
proportional to the square of the current 
strenvth. If, then, any of the parts of the com- 
bination are arranged so that they vibrate under 
the influence of an electro-magnetic force, the 
speed of vibration will be simply proportional 
to the current strongth, because the square of 
the speed measures the force, and the force is 
proportional to the square of the current. Let 
such a contrivance take the place of the 
balance or pendulum of a clock, and the clock 
will become a measurer of the quantity of elec- 
tric current instead of time. Iv order that the 
indications should be true, either the maintain- 
ing power must be so contrived that the ampli- 
tude does not vary much, in which case it does 
not matter what the law is connecting the force 
with the displacement, or the parts must be so 
arranged that the force is direc'ly proportional 
to the displacement, in which case it does not 
matter what the amplitude is. The two im- 
portant points, therefore, are the controlling 
and the maintaining powers. M. Boys showed 
several ways of producing a controlling power 
In the first case, which was a combination of 
two solenoids, one moving throuvh the interior 
of the other, the force will, if they are properly 
arranged, be proporiivnal to the displacement. 
As there is no iron in this arrangement it will 
apply to the case of alternating currents. In 
another case a small armature is mounted on 
the balance staff, and around it are the two 
poles of an electro-magnet which forms part of 
the circuit. Another form is unaffected by re- 
sidual magnetism. Ia it two crescent-shaped 
pieces of iron forming the sides of the balance 
pass through two fixed solenoids. The iron 
pieces are carricd by a cross arm mounted on a 
vertical spindle, and they serve to form sec'ors 
of a circle like the balance wheel of an English 
lever wa'ch. By passing the current through 
the coils, the cores are attracted into the latter, 
and if the current diminishes or increases in 
strength, the cores will retire or advance within 
the coils. In all these cases the direction of the 
current is of no consequence. The maintain- 
ing power may be an ordinary escapement 
driven by clockwork in the usual way. In this 
case the amplitude will be less with a stronger 
current ; but this drawback may be overcome 


b 

he maintaining powercan, however, be inde- 
pendent of clockwork if an impulse is given to 
the electricity at each swing of the balance. 
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the use of an electro-magnetic remontoire. | 


Mr. Boys exhibited a meter constructed on this 
principle for him by Messrs. Elliot Brothers. 
The controlling power in it depends on iron 
crescents mounted like parts of a watch balance 
wheel on a vertical spindle, and each enclosed 
by a pair of solenoids consisting of a primary 
and secondary coil. The main current runs 
through the primary solenoids, but a portion of 
it is diverted through the secondary solenoids 
when the balance is its neutral position, at 
which time a variation of the current in the 
controlling solenoids has no effect in disturb- 
ing the period of an oscillation. To regulate 
meters of this class, a weigher is screwed out- 
wards or inwards, according as the meter 
goes too fast or too slow. As this meter de- 
pends cn dynamical principles alone, and is in- 
dependent of gravity, it must work equally well 
wherever it is planted. 
( - a recent occasion Dr. Grant, of Glasgow, 
. gave an interesting summary of the pres- 
ent state of the science of meteorology. In the 
course of his remarks he said :—‘‘ The Meteor 
ological Office, originally a branch of the Board 
of Trade, commenced its labors in 1868, the 
council of scientific men, under whose direction 
it is conducted, being nominated by the Royal 
Society. There are three leading objects which 
the council have kept in view since 1868. These 
are :—(1) Ocean Meteorology ; (2) land meteor 
ology of the Britis Isles ; (8) weather 
raphy. Seven observatories have been est 
lished in connection with the Meteorological 
Office, witha view to the advancement of the 
land meteorology of the British Isles These 
are the observatories of Valentia and Armagh, 
in Ireland ; Falmouth, Kew and Stonyburst,in 
England, and, finally, Glasgow and Aberden, in 
Scotland. The observations at each of thes 
observatories are all obtained by means of self 
recording instruments, and the tabulated re 
sults are regularly transmitted once a week to 
the Mcteordlogical Office in London. The va 
riations of the barometer and of the dry and 
wet bulb thermometers are recorded continu 
ously upon paper by a photographic proccss 
which goes on night and Gay without intermis- 
sion. The velocity of the wind is measured by 
Dr. Robinson’s anemometers. ‘The mean hourly 
velocity of the wind for the three years 1874, 5-t 
was:—for Armagh, 10.6 miles, 10.0 miles, and 
9.8 miles ; for Kew, 10.3 miles, 10.8 miles, and 
10.8 miles ; for Stonyhurst, 10.8 miles, 10.9 
miles, and 10 7 miles ; for Glasgow, 12.9 miles 
12.9 miles, 12.1 miles, and 12.4 miles; for 
Aberden, 13.3 miles, 13.5 miles, and 14.2 miles; 
for Falmouth, 16.8 miles, 17.0 miles, and 17.4 
miles ; finally, for Valentia, 18.2 miles, 17.7 
miles and 17.9 miles. During the last two or 
three years as many as 75 per cent. of the storm 
warnings which have emanated from the Me- 
teorological Office have been thoroughly suc 
cessful. During the storm of Friday, the 6th 
ult. Osler’s anemometers recorded a pressure 
of 51 lbs. on the square foot, and yet it bore the 
strain admirably. During the great snowstorm 
which swept over London and its neighborhood 
on the 18th January, 1881, the Osler anemome- 
|ter at the Royal Observatory, Greenwich, reg 
| istered as high as 51. Ibs. on the square foot.” 
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